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Abstract 
The potential and usefulness of serious games used for training and assessment 
purposes is leading to a growing demand in understanding how they should be used 
and developed. This thesis aimed to explore how this demand could be met by 
studying the pedagogical purpose of serious games, their design and evaluation. The 
method used to couple the outcomes and outputs from this thesis was the formulation 
of a design framework known as the “Serious Gameplay Framework” (SGF). A 
collection of components, such as tools, processes and design techniques make up 
the SGF. The usability of the framework components was iteratively improved by 
allowing undergraduate university game design students to use the framework and 
offer feedback. The SGF was also used to develop a serious game based on 
Occupational Health and Safety training. This game became the focus of an 
empirical evaluation study aimed at measuring engagement and learning outcomes. 
The findings from this study demonstrated that the serious game was capable of 
facilitating an engaging learning experience. This also demonstrates that the 
framework is capable of guiding the serious game design process to achieve the 
desired engagement and learning outcomes. The significance of this research is a 
greater understanding and practical toolset that can be used by researchers, serious 
game developers, and educational practitioners to analyse, design and evaluate 
serious games. 
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Chapter 1: Introduction 
1.1 BACKGROUND 
The serious games industry is growing into a multi-billion dollar market that 
aims to use video games as assessment and training tools for a variety of industries 
(Greer, 2014; GSV EDU, 2012). This growth is fuelled by the prospect of harnessing 
the fun and engaging qualities of video games for educational purposes. This thesis 
focuses on the design of serious games. However, it is important to begin by 
discussing a definition of serious games. Traditional games can be defined as “a 
system in which players engage in an artificial conflict, defined by rules, that results 
in a quantifiable outcome” (Salen & Zimmerman, 2004, p80). A more modern 
variation of a game is the “digital game”, which can be described as “an interactive 
challenge on a digital platform, which is undertaken for entertainment” (Habgood, 
2007, p186). 
When digital games are used for both intentional and incidental learning 
purposes rather than entertainment they have been referred to as digital game-based 
learning or serious-games (Azli, 2008). This definition could include entertainment 
games being used for serious purposes; for example, a dancing game used for 
occupational therapy. Chen & Michael defined the term serious games as “a game in 
which education (in its various forms) is the primary goal, rather than entertainment” 
(Chen & Michael, 2005, p17). This definition focuses on serious games that have an 
intentional educational goal, potentially stemming from its original intended design.  
Martin (2012) described serious games as “games in which the learning that occurs 
during game play is transferable outside of the game” (Martin, 2012, p18). A concise 
definition and one that will be used in this thesis is: Serious games are digital games 
that have been designed to allow users to learn or demonstrate skills, knowledge 
and/or behaviours that have value beyond the game itself.  
The goal of using video games for educational purposes was first explored 
during the 1960’s and has continued to gather momentum ever since (Djaouti, 
Alvarez, Jessel, & Rampnoux, 2011). More recently a combination of increased 
evidence of the effectiveness of serious games (Connolly, Boyle, MacArthur, 
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Hainey, & Boyle, 2012), and the ubiquity of more mobile gaming devices has seen a 
dramatic rise in their general popularity (DEECD, 2011b; QLD DET, 2012). To meet 
this growing demand for serious games there is a need to understand how they 
should be:  a) used, b) designed, and c) evaluated to meet the desired educational 
objectives.  
a) Use: understanding how serious games should be utilised requires exploring 
educational contexts and strategies. The need to understand how serious 
games fit within an educational context is being driven by a general lack of 
understanding of game design in relation to teaching and learning practices. 
Failure to recognise how a serious game should complement an existing 
educational curriculum can result in the games reduced effectiveness as an 
engaging learning activity. 
b) Design: understanding how serious games should be designed requires 
investigating game design techniques and experimenting with serious game 
implementation. The serious games research community has contributed a 
number of frameworks, guides and tools that aim to assist developers in the 
process of creating serious games (Amory, 2006; Chamberlin, Trespalacios, 
& Gallagher, 2012; Gosper & McNeill, 2012; Tang & Hanneghan, 2010). 
Many of these frameworks are valuable contributions to this field. However, 
gaps remain in key design stages, e.g. transforming learning objectives into 
gameplay.   
c)  Evaluation: understanding the extent to which serious games support 
engaging learning processes requires empirical evidence achieved through 
rigorous evaluation that is underpinned by appropriate metrics and processes. 
There is a growing body of research demonstrating that serious games can be 
effective teaching and learning tools (Connolly et al., 2012). However, the 
need to understand how serious games can be measured for their 
effectiveness has always been a challenge. Understanding what signifies an 
effective serious game is not always clear, and these experiences are 
inherently difficult to control under empirical restrictions, e.g. experimental 
design. Therefore, any contribution to the research community in regards to 
measuring effectiveness strengthens the concept that serious games can be 
effective assessment and learning tools. 
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1.2 PURPOSE AND SCOPE 
The purpose of this thesis was to develop solutions for understanding how 
serious games should be used, designed and evaluated to meet the desired 
educational objectives. This solution was achieved by developing a Serious 
Gameplay Framework (SGF) that can guide researchers and developers in the 
development of serious games. The SGF is a collection of tools, processes and 
techniques that are used throughout the development process. The development of 
this framework required a four-year investigation aimed at gaining a deep 
understanding of learning and motivation in the context of serious games. The design 
techniques and tools that were developed can be used to guide the design of a serious 
game effectively. To improve usability and practicality, the SGF was applied across 
five serious games projects, and iterative improvements were made. These 
improvements enhanced the framework by ensuring that usability issues and gaps 
could be identified, filled and re-evaluated. The final phase of the thesis aimed to 
investigate: a) the efficacy of a serious game that was developed, and b) the value of 
the Serious Gameplay Framework used to guide the design of the serious game. The 
metrics and processes involved in an evaluation were investigated, culminating in an 
experiment capable of providing empirical evidence of the efficacy of the serious 
game, and indirect linking to the value of the framework. 
1.3 THESIS STRUCTURE AND RESEARCH QUESTIONS 
This thesis is divided into four main phases that aim to explore how serious 
games can be a) used, b) designed (explored in two phases), c) evaluated. Research 
questions are used to help guide each phase of the investigation and are outlined in 
the following sections.  
1.3.1 Phase 1: Understanding the use of serious games 
The primary focus of Phase 1 was to understand the pedagogical strategies 
found in the design of serious games, e.g. how the structure of goals, rules, 
challenges, feedback and context that make up a game can lean towards promoting 
different pedagogical strategies. 
The primary research question guiding the first phase focused on the use of 
serious games: 
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- What are the pedagogical strategies found in serious games? 
The meaning of the term “pedagogical strategies” refers to the teaching and 
learning approach used (e.g. behaviourist or constructivist). The literature on serious 
games, learning, engagement and game design was reviewed to develop a conceptual 
understanding of the relationships between these areas. From this conceptual 
understanding a Gameplay Pedagogy Tool (GPT) was developed. The purpose of the 
GPT is to allow educational practitioners and game designers a more in-depth 
perspective of the design and pedagogical structure of a serious game. The use of the 
GPT can result in a more informed decision-making process when determining a 
game’s use within a broader pedagogical strategy. To demonstrate how GPT may be 
applied, a series of serious maths and science iPad games were analysed and 
discussed. 
The outcome of this phase is knowledge regarding how different game design 
elements can be structured to be either behaviourist or constructivist in nature. This 
is achieved by using the GPT developed in this thesis. This ensures an understanding 
of how serious games can affect the motivation and learning outcomes of players. 
This understanding is important when looking to either the design of games or their 
use for particular pedagogical purposes, e.g. using a serious game to facilitate a 
deeper understanding of a topic.  
1.3.2 Phase 2: Understanding the Design of Serious Games 
The primary focus of Phase 2 was to develop the SGF, i.e. conceptual models, 
tools and processes that can be followed to develop an effective serious game. 
The primary research question guiding the second phase of the thesis was:  
- What guidance is required during the development of a serious game?  
The term guidance refers to the advice, support and instruction that can be 
provided to serious game developers. The SGF is based upon existing instructional 
design methods, as well as the conceptual understanding of learning, motivation and 
game design discussed in Chapter 2. To demonstrate how the SGF could be utilised, 
a series of undergraduate game design students applied the SGF to develop their 
serious games. Observations and feedback on their experience with the SGF was 
collected and used to make incremental improvements to the framework. This 
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iteration has resulted in a final version of the SGF, presented as a serious of design 
packs in the Appendices of this thesis (see Appendices A, B, C, D).  
The primary outcomes from this phase of the PhD project are a serious game 
design framework (SGF) that encompasses a theoretical understanding of learning, 
motivation and game design, and an understanding of the processes involved in 
developing a serious game. The practical outputs resulting from the research (as 
described in Chapter 3) stem from the activities and tools included in the SGF. These 
activities include design workshops, document templates, investigative protocols and 
design tools. The SGF can be followed and manipulated to fit the serious game 
developers own understanding and methods of game development. 
1.3.3 Phase 3: Understanding the Design of Serious Core Gameplay 
The primary focus of Phase 3 was to investigate a particular design issue 
identified in Phase 2 and to develop a solution. The design issue revolved around a 
need to transition learning objectives into appropriate core gameplay that could form 
the basis of a serious game.  
The primary research question guiding Phase 3 of the research was:  
- How can learning objectives be mapped to core gameplay?  
Learning objectives refer to the objectified statements that describe what the 
learner should be able to do once they have engaged in an instructional activity. Core 
gameplay refers to the primary moment-to-moment activity that occurs in a game 
where the player spends most of their effort and engagement. The term “mapped” in 
the context of learning objects and core gameplay, refers to identifying instructional 
objectives that can be transformed into interesting choices and engaging interaction 
sequences.  
The solution developed as a part of this research is the Serious Core Gameplay 
Tool (SCGT). The SCGT guides the designer to think about designing serious core 
gameplay from the bottom up. It offers designers a way to identify, synthesise and 
embed key instructional objectives within core-gameplay, e.g. identifying 
instructional objectives that can be transformed into interesting choices and engaging 
interaction sequences. The SCGT, in conjunction with the SGF, was used to develop 
a serious game focusing on Occupational Health and Safety (OH&S) in office based 
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environments. The purpose of the game was to provide a serious game based 
intervention that could be used in an empirical evaluation in Phase 4.  
The outcome from addressing this research question is an understanding of 
how certain game design elements can relate to components that make up learning 
objectives. The primary output from this investigation is a practical design tool that 
can be used to map learning objectives to core gameplay. The SCGT is designed to 
fit within the SGF proposed in this thesis. The SGF is also designed to be used within 
any other design process that involves the construction of learning objectives and 
gameplay. A secondary output is the serious game that was developed to complement 
existing workplace OH&S training. 
1.3.4 Phase 4: Efficacy of an Evaluation of a Serious Game 
The focus of Phase 4 was to understand the efficacy of the serious game 
described in Phase 3 by conducting an evaluation study. 
Phase 4 of this thesis focused on investigating the following research question:  
- Can a serious game be more effective than an audio visual presentation?  
The term “effective” refers to a high or positive level of motivational and 
learning outcomes resulting from playing a serious game. The empirical study 
compared the learning and engagement results between the serious game and more 
traditional forms of OH&S training, e.g. audio visual presentation. The quantitative 
and qualitative results of this study are reported, analysed and discussed.  
An outcome from investigating this research question is that there is an 
understanding that a serious game can be more effective than an audio visual 
presentation. Secondly, there is an understanding of how serious games can be 
evaluated for their motivational and learning effectiveness. The results demonstrate 
that the SGF and the SCGT are effective for developing and evaluating a serious 
game. 
Outputs from this investigation are significant statistical results that 
complement the qualitative data collected, demonstrating the effectiveness of the 
game being evaluated, in terms of both the positive experience from the players and 
the learning outcomes. This output also contributes to the growing body of empirical 
evidence that supports the claim that serious games can be effective training tools. 
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There is also evidence that designing serious games that map the learning objectives 
to the core gameplay can yield effective results. 
1.3.5 Research Significance and Contribution 
The research undertaken in this thesis is significant as it contributes to both 
industry and research.  
• More effective analysis of the serious games via the Gameplay Pedagogy 
Tool. (USE) 
This thesis provides a conceptual understanding of how the game elements 
(e.g., goals, rules) within serious games promote a certain approach to learning (e.g., 
constructivist/behaviourist learning). Existing serious games can be analysed to 
understand the underlying pedagogical perspective. By using the GPT, designers can 
be more targeted when developing serious games and educational practitioners can 
make informed decisions when choosing a serious game for learning purposes.  
• Clear articulation via the SGF of processes and activities for the design of 
good serious games. (DESIGN) 
This thesis provides design processes and associated tools that support the 
development of a serious game via practical guides, templates and tools. Researchers 
and developers can follow a start-to-end process that can be applied to the design of 
serious games, ensuring learning and engagement goals remain the focus.  
• Effective process for mapping learning objectives to core gameplay. 
(DESIGN)  
The SCGT provides a means by which learning objectives can be transformed 
into engaging core gameplay by asking critical design questions and mapping those 
answers to game design elements. Using the SCGT will allow researchers and 
designers to clearly articulate how the game elements of goals, choice, action, rules, 
and feedback will map to the instructional objectives and formulate core gameplay. 
Effective method for determining the learning and engagement outcomes of a 
serious game. (EVALUATION) 
This thesis outlined an effective serious game evaluation method capable of 
capturing both quantitative and qualitative engagement and learning outcomes. 
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Researchers can empirically evaluate a serious game and developers can determine if 
their product works by replicating this methodical approach. 
 
1.4 CONCLUSION 
The outcomes and outputs from each phase of this research represent the 
knowledge generated throughout this thesis and demonstrate the purpose of serious 
games, their design and evaluation. This thesis also focused on providing significant 
and practical solutions to challenges faced when using or developing serious games. 
Challenges such as understanding the pedagogical strategy used in a serious game or 
mapping learning objectives to core gameplay can be managed using the tools 
developed in this thesis. Challenges in understanding the processes involved when 
developing and evaluating a serious game can be guided by utilising the SGF. 
Readers of this thesis should gain a new perspective on serious games and be able to 
apply the design and evaluation techniques outlined. 
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Chapter 2: Serious Game Analysis 
2.1 INTRODUCTION 
Serious games are seen to be an important pedagogical tool to be used within 
schools and tertiary training establishments in the near future (L. Johnson, Adams 
Becker, Cummins, & Estrada, 2014). The rise in popularity of mobile gaming 
technologies and a desire to see learners engaged with learning content for extended 
periods is contributing to this growth. Interest in tablet technology for educational 
purposes throughout the government and private sector are also contributing factors 
(DEECD, 2011b; QLD DET, 2012). 
Empirical evidence from the research community has demonstrated that games 
can facilitate learning outcomes (Barab, Sadler, Heiselt, Hickey, & Zuiker, 2006; 
Kato, Cole, Bradlyn, & Pollock, 2008; Squire, DeVane, & Durga, 2008; Warren et 
al., 2008). There is also evidence that games have the potential to engage users in 
activities for extended periods due to an ability to satisfy our most fundamental 
psychological needs (Przybylski, Rigby, & Ryan, 2010). Some research has 
investigated relationships between motivation and learning outcomes (Mayer, 1998; 
Niemiec & Ryan, 2009; Novak & Cañas, 2008) motivation (Csikszentmihalyi, 1975)  
and games (Malone & Lepper, 1987), and games and pedagogy (Ang, Avni, & 
Zaphiris, 2008; Kebritchi & Hirumi, 2008; W. Wu, Hsiao, P. Wu, Lin, & Huang, 
2011). 
While there is a growing body of research aimed at understanding the potential 
of serious games, there seems to be a lack of research investigating the games 
pedagogical strategies. Pedagogical strategies refer to the way in which a game may 
be designed and used within a teaching process. A greater understanding of the 
pedagogical and motivational strategies of serious games is required to ensure their 
effective use. The rise of serious games played on smartphones and tablets 
exacerbates the issue. Parents and educational practitioners are providing children 
serious games to play with, yet their choice of games is relatively unguided. What 
advice is out there for parents, teachers, and even game developers to ensure a 
serious game delivers on its motivational and learning promise?   
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A method of understanding the pedagogical strategies of a serious game is 
required to ensure the use of a game can be aligned with learning or assessment 
goals. The purpose of this inquiry is to understand how the design of a game is 
influenced by different and entirely valid pedagogical viewpoints, i.e. differences in 
behaviourist and constructivist instructional approaches to the design of serious 
games. The differences between behaviourist and constructivist strategies are 
discussed in this chapter. This discussion investigates how the strategies can impact 
on the motivation of the learner and the type of knowledge being learned. 
Games that are designed to tightly couple the learning objectives with the 
primary gameplay can effectively remain engaging to the user and deliver the desired 
educational outcomes. However, before this can be explored a better understanding 
of the pedagogical use is required.  
The central research question guiding this phase of the study was:  
What are the pedagogical strategies found in serious games? 
Two sub-questions followed this question: 
What serious games reflect behaviourist design strategies? 
What serious games reflect constructivist design strategies?   
To aid in addressing these questions, primary school level mathematics and 
science tablet-based games found in the Apple app store are investigated in this 
chapter. Serious games fitting this profile are examined with respect to the 
educational nature of the game elements that they offer. Elements such as rules, 
challenge, goals, feedback, choice and context are useful qualities to view serious 
games at an in-depth design level. 
This chapter first discusses literature on serious games, learning theory and 
design, engagement and motivation, and game design. From this literature, the 
particular game design components of rules, challenge, goals, feedback, choice and 
context were considered with respect to their motivational qualities and the 
relationship to learning. A conceptual framework was developed to highlight the 
relationships between motivational and pedagogical strategies. An inquiry tool called 
the Gameplay Pedagogy Tool (GPT) was created that could be used to understand 
the impact of three interconnected fields of research that relate to serious game 
  
Chapter 2: Serious Game Analysis 11 
design, and to identify certain pedagogical strategies for the design of serious games. 
Forty educational iPad games, covering the topics of mathematics and science were 
deconstructed and discussed to demonstrate the use of the GPT.  
2.1.1 Literature 
This section discusses the literature on the following topics (see Figure 1): 
 
Figure 1: Relationship Between the Literature 
This review of literature was undertaken to gain a fundamental understanding 
of learning, motivation and game elements.  
Serious Games 
America’s Army is one of the first successful serious games that gained 
widespread public awareness (Schneider, Carley, & Moon, 2005). However, digital 
serious games have a history dating back to some of the first software training 
applications used during the cold war. During this time, (1961), researchers working 
in U.S. research laboratories were developing computer games to study various cold 
war related conflicts (Djaouti et al., 2011). The release of the first video game 
console in 1971 saw a suite of video games being released to the general public. 
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These releases included “Analogic States” and “Simon Says”, which might be 
considered educational  games (Djaouti et al., 2011).  
Serious games are now a multi-billion dollar industry that provides assessment 
and training to many different areas (L. Johnson et al., 2014). As of 2012, the serious 
games market was valued at around 1.7-2 billion USD and is expected to grow 
(Greer, 2014; GSV EDU, 2012). The pervasiveness of mobile gaming platforms, the 
mounting empirical evidence of their effectiveness, and a desire to see learners 
engaged with learning content for extended periods are contributing to this growth. 
However, there is still a need to support and inform this growing interest with an 
understanding of how serious games should be designed, used and tested to support 
the learning and assessment needs of the industry. 
Learning and Serious Games 
Empirical evidence has identified that learning can occur while playing digital 
games (Barab et al., 2006; Kato, Cole, Bradlyn, & Pollock, 2008; Squire et al., 2008; 
Warren et al., 2008). Notable examples of serious games that were specifically 
designed for learning and skill development outcomes are: 
• Americas Army (Schneider et al., 2005) 
• Remission (Kato et al., 2008; Real time Associates, 2006) 
• Foldit (Cooper et al., 2010) 
• Neuro Racer (Anguera et al., 2013) 
Researchers have also investigated the learning and skill development value of 
existing commercial games such as: 
• Civilization 3 (Squire et al., 2008; Kato, Cole, Bradlyn, & Pollock, 
2008), 
• Europa Universalis, The Patrician, Sid Meier’s Pirates, Railroad Tycoon, 
Colonization, and the Total War series of games (Egenfeldt-Nielsen, 
2005; Squire et al., 2008).  
• Star Wars Racer, Silent Scope, Super Monkey Ball (Rosser, Gentile, 
Hanigan, & Danner, 2012) 
• Medal of Honour, Tetris (Green & Bavelier, 2003). 
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In a systematic literature review of the evidence on serious games, Connolly, 
Stansfield, & Hainey (2008) categorised the behavioural and learning outcomes of 
serious games. These behavioural and learning outcomes consisted of affective and 
motivational, behaviour change, knowledge acquisition/content understanding, motor 
skills, perceptual and cognitive, physiological and social/soft skill outcomes. Serious 
games can be used to facilitate a number of different pedagogical approaches, such 
as constructivism, constructionism, situated cognition, deduction and hypothesis 
testing, complex concepts, abstract thinking, and visual and spatial processing 
(Dondlinger, 2007). Serious games also facilitate a number of different types of 
learning outcomes. This thesis primarily discusses the design of games that have the 
goal of behavioural change and knowledge acquisition/content understanding. 
The transfer of knowledge is based on the relationship between a person’s 
sensing and memory systems. Short-term memory receives instructional content via 
the senses, is then processed by working memory, and is potentially stored in long-
term memory (Novak & Cañas, 2008). The qualities and design of the instructional 
content determines if that new knowledge will be assimilated with existing 
knowledge (meaningfully) or will exist only as a separate concept (rote) in long-term 
memory (Ausubel, 1968).  
The benefit of knowledge being learned meaningfully is that it is stored in the 
long-term memory for longer and has the potential to be used in further learning or 
problem solving contexts, e.g. used outside of the learning context in real life (Novak 
& Cañas, 2008). These meaningful qualities consist of conceptually clear learning 
material, existing relevant prior knowledge to facilitate assimilation, and internal 
motivation to learn (Novak & Cañas, 2008).  
Learning Theory  
It is important to first make clear the distinction of the differences between 
learning theory and instructional design. Learning theories describe how learning 
occurs and what the learning should be like in order for people to be able to learn 
(Watson, 2007). Instructional design refers to the strategy of teaching and the 
processes applied in a learning environment (Watson, 2007). For example, a teacher 
may view learning through a constructivist lens (learning theory). Therefore, he or 
she bases the physics curriculum (instructional design) around activities requiring 
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exploratory problem-solving, e.g. activities requiring experimentation to solve the 
problem.  
Meaningful learning is a concept that grew out of cognitive psychology 
(Ausubel, 1968). It can be described as a learner’s deep understanding of the 
material. This includes attending to important aspects of a given material, mentally 
organising it into a coherent cognitive structure, and integrating it with relevant 
existing knowledge (Mayer & Moreno, 2003). Meaningful learning can be seen in an 
individual's ability to apply learned knowledge to new situations (Mayer & Moreno, 
2003). It requires three conditions to be met: the learning material needs to be 
conceptually clear and presented in a relatable manner, the learner needs to choose to 
partake in the learning activity of their own internal will, and the learner needs to 
possess relevant prior knowledge, which can be related and assimilated (Novak & 
Cañas, 2008). Understanding how to facilitate these outcomes first requires an 
understanding of the theories that underpin them, i.e. behaviourist and constructivist 
learning theories. 
Behaviourist Theories 
Behaviourism is based on the premise that learning is a process where 
experience causes changes in behaviour. This change is observable through reactions 
to stimulus, followed by reinforcement (D. McInerney & V. McInerney, 2010). This 
relationship between stimulus and response, which became known as classical 
conditioning, was first explored through experiments conducted by Pavlov (Pavlov, 
1932). Thorndike made a significant contribution to the field by introducing the “law 
of effect”. This law proposes that stronger responses are gained when followed by 
pleasure and are weaker when accompanied by displeasure or pain (Thorndike, 
1927). Skinner extended Thorndike’s work on the law of effect by focusing on 
positive and negative reinforcement (Skinner, 1963). He showed that behaviours can 
be observed and controlled, confirming that behaviours are more likely to occur 
when positive reinforcement is immediate, and progressively given after the subject 
starts to behave in the correct manner. Conversely, negative reinforcement involves 
the removal of unpleasant stimuli to strengthen responses. 
Behavioural research conducted in the early 20th century shaped much of the 
educational strategies during the 50’s and 60’s (D. McInerney & V. McInerney, 
2010). The behaviourist view of the student is that they are developed to know how 
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to behave appropriately when presented with certain stimuli. The role of the teacher 
is to structure and limit material to only that which is necessary for the task. They are 
also required to clearly identify what the behavioural goals are and provide positive 
or negative feedback to reinforce the behaviours (Woolfolk & Margetts, 2010). 
Behavioural pedagogies, such as direct or reception instruction, programmed 
instruction, and social learning theory remain attractive. They are effective strategies 
to enhance skill mastery and rote learning (D. McInerney & V. McInerney, 2010; 
Novak & Cañas, 2008; Wu et al., 2011). The trade off when using behaviourist 
methods such as practice, repetition, and rote-style learning is that the learning is 
often externally motivated (Novak & Cañas, 2008).  
Constructivist Theories 
In contrast to behaviourism, where external stimuli facilitates learning, 
constructivist theory views learning as an active process where learners construct 
their own knowledge rather than transmitting knowledge from one person to another, 
e.g. teacher transmitting knowledge to a learner (D. McInerney & V. McInerney, 
2010; Staalduinen & de Freitas, 2011). The theory is based on the developmental 
psychology work of scholars such as Piaget (1954), Bruner (1985) and Vygotsky 
(1978).  
Piaget's views of constructivism focused on how individuals make meaning of 
concepts (Woolfolk & Margetts, 2010). His perspective on constructivism is that 
individuals construct their own understanding through interaction with the 
environment around them and internalise that knowledge for re-use in different 
contexts. His theory is based on three fundamental beliefs. There is a relationship 
between action and thought, mental, cognitive structures are constructed, and self-
regulation has a role to play in the development of thought (D. McInerney & V. 
McInerney, 2010). Central to Piaget's theory of cognitive development are the 
constructs of assimilation and accommodation. Assimilation is the act of relating 
new experiences or ideas to existing knowledge, also known as schema. 
Accommodation is the act of storing new experiences and ideas, which can't be 
related to any existing schema. Piaget asserted that optimal learning occurs when the 
balance of assimilation and accommodation is achieved (D. McInerney & V. 
McInerney, 2010). Vygotsky extended the work of Piaget to focus on the effect of 
social interaction, cultural tools, and activity on development and learning (Woolfolk 
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& Margetts, 2010). This emphasises the importance of the socio-cultural context in 
which learning takes place, and how context impacts on what is learned (Huang, 
2002).  
Constructivist learning encourages individuals to manage their own behaviour 
and adapt to different situations (Wegerif, 2002; Woolfolk & Margetts, 2010). The 
role of the educator is to structure the content of the learning activity or environment. 
This structure ensures learners’ experiences are shaped for them to explore a problem 
space and discover connections between knowledge (Woolfolk & Margetts, 2010). 
Applications of these strategies can be seen in both guided and autonomous 
discovery, inquiry learning, problem-based learning, cognitive apprenticeship, and 
situated learning (Holman, Pavlica, & Thorpe, 1997; Lave, 1991; Woolfolk & 
Margetts, 2010; Wu et al., 2011). Constructivist approaches have become 
increasingly popular as the educational outcomes can lead to a deeper and more 
meaningful understanding of concepts and processes in addition to the acquisition of 
skills. Motivation, more precisely, intrinsic motivation, is an essential element in 
constructivist teaching strategies. More specifically, intrinsic motivation is supported 
by autonomous discovery instruction strategies, while retention instruction strategies 
are more likely to rely upon and instil extrinsic motivation (D. McInerney & V. 
McInerney, 2010). With an understanding of the differences between behaviourist 
and constructivist theories, a discussion of how these theories can be put into practice 
can be started.   
Instructional Design 
Serious games are a valuable tool within a larger program containing a range of 
instructional strategies and tools guided by learning theory (Hays, 2005). Guidance 
should exist to stop designers from taking design decisions that could simply fail in 
terms of delivering on the educational outcomes or yield negative learning 
implications (Watson, 2007). This guidance can come from many different fields, 
such as instructional design. Instructional design could be described as the methods, 
tools and content that aid and assist effective learning. A focus of an instructional 
design process is to determine the needs of the learner,  the gap between what the 
learner is doing and what they should be doing, and develop an ‘intervention’ to 
assist the learner in filling that gap (Defreitas & Oliver, 2006; Mager, 1997). 
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There is a growing body of literature that suggests instructional strategies 
should inform the design of serious games (Defreitas & Oliver, 2006; Kebritchi & 
Hirumi, 2008; Squire et al., 2008; Staalduinen & de Freitas, 2011). However, 
Prensky (2001) argued that instructional designers should be kept out of the game 
design process, as they could ensure the game is not fun. It could be argued that an 
instructional designer can still play a role in the design process, e.g. providing 
feedback and suggestions on how to implement instructional design principles 
without affecting the design of gameplay. However, if no instructional designer is 
available,  design frameworks act as guides that novice game designers will use and 
experts can adapt (Watson, 2007).  
A variety of models for instructional design have been developed since the 
1970s (Atkins, 1975; Dick & Carey, 2004; Gagne & Briggs, 1974; Mayer & Moreno, 
2003; Merrill & Boutwell, 1973). The ADDIE model is one of the most recognised 
instructional design processes, consisting of various phases that are commonly found 
in software and engineering fields, i.e. analysis, design, development, 
implementation, and evaluation. Within each phase are multiple processes that are 
carried out during the development of educational experiences. Of these phases, the 
analysis and design phases are of importance in the understanding of developing 
serious games for instructional purposes. Various instructional design models are 
based upon the ADDIE model and have different, yet similar stages during the 
analysis phase. Jonassen, Tessmer, & Hunnum (1999) outlined analysis procedures 
as needs analysis, learner analysis, context analysis and task analysis. Within the 
procedure of task analysis, Jonassen, Tessmer, & Hunnum (1999) proposed five 
general classes: activity analysis, cognitive task analysis, learning analysis, 
job/procedural analysis, and subject matter/content analysis). Mager (1997) outlined 
various procedures during the analysis phase that also explore the same or similar 
analysis steps. These consist of the performance analysis, task analysis, goal analysis, 
target population description, course objectives, skill hierarchies, and course 
prerequisites. At the core of all of these instructional design steps is the need to 
define the goals, objectives and outcomes of what the learner should be able to do 
after they have engaged in the serious game activity. 
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Learning Objectives 
There is a need to understand how people learn in meaningful ways, and it is 
necessary to examine how to create appropriate instructional objectives to meet this 
aim when designing serious games. Instructional objectives are statements that 
clearly outline intended instructional outcomes (Mager, 1997) and designing clear 
instructional objectives is an essential step when creating effective educational 
experiences (Marzano, 2009). 
The Revised Taxonomy of Educational Objectives, more commonly referred to 
as Bloom’s Taxonomy, is a well-known framework used to construct and guide the 
development of instructional content and objectives. Taxonomy is a multi-
dimensional classification of educational goals and objectives represented in six 
stages: remembering, understanding, applying, analysing, evaluating and creating. 
Within each stage, the learner can receive four types of knowledge: factual, 
conceptual, procedural and metacognitive (Krathwohl, 2002). These cognitive 
dimensions outline the internal cognitive processes that can be expected to occur 
during a learning experience. This process is coupled with four knowledge 
dimensions utilised during the cognitive process (Krathwohl, 2002). 
The cognitive higher levels within taxonomy primarily reflect constructivist 
approaches, as they require assimilation and synthesis of information and knowledge 
(e.g. understanding, applying, analysing, evaluating, and creating). Behaviourist 
approaches can be seen to occur during the remembering and understanding phases 
(D. M. McInerney & McInerney, 2010). Factual or procedural knowledge may be 
achieved through rote learning and direct instruction. 
A strength of the framework is that it demonstrates the ability of a curriculum 
to cover a lot or a little of the taxonomy spectrum (Krathwohl, 2002). For example, 
the curriculum is designed with a lot of remember/knowledge objectives and few 
analyse/understanding objectives. This example could be seen as only focusing on 
shallow learning outcomes and could be in need of revision. A weaknesses of the 
taxonomy could be seen in what Mager (1997) defined as the tyranny of the 
taxonomy, i.e. the need to fit the categories of the learning objectives within a 
taxonomy, and then to include a broad spread of objectives across the taxonomy 
spectrum. This can lead to creating wasteful objectives and having a narrow vision of 
what should be achieved with the learning experience. 
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Mager, (1997) outlined a simpler, more objective method to construct learning 
objectives. Instructional objectives should outline three specific qualities that 
describe the outcome of the learning experience: performance, condition, and 
criterion. Creating statements that include these qualities start by answering a series 
of questions:  
• What should the learner be able to do? (Performance) e.g., the student, 
will be able to ride a bike.  
• Under what conditions do you want the learner to be able to do it? 
(Conditions)  e.g., while in slippery conditions [the student will be able 
to ride a bike.] 
• How well must it be done? (Criterion) e.g., [while in slippery conditions 
the student will be able to ride a bike] for 5 minutes without falling over. 
Based on these questions, an instructional objective could be “While in 
slippery conditions the learner must ride a bike for five minutes without falling 
over.”  
During the serious game design process, many instructional objectives might 
be formulated. However, not all objectives need to be incorporated into one game 
experience. This decision will be based on the scope and constraints of the project, 
uses within an educational curriculum, as well as the designer’s ability to effectively 
integrate a learning objective into a core gameplay experience. The result should be 
to facilitate a learning experience, and to motivate and engage the user during the 
entire experience. 
Motivation and Engagement in Serious Games 
The outcomes of serious games are often twofold. There are the learning 
objectives as outlined in the previous section, and there are also the motivational and 
engagement outcomes that ensure players are attracted to, focused on and absorbed 
in the activity. The following sections discuss the literature around how players 
become engaged in serious game activities. 
Play, Games and Learning 
Play is a good place to begin understanding the enjoyment from games, as play 
is enjoyable in and of itself. It is one of the few human activities that does not rely on 
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external incentives (Csikszentmihalyi, 1975). Play is an intrinsically motivating, 
freely chosen, process-oriented, non-literal, and enjoyable experience (Frost, 1998). 
It can be classified developmentally into three categories: practice play, symbolic 
play, and games with rules (D. M. McInerney & McInerney, 2006). Both play and 
games are vital for the healthy development of children (Johnson et al., 1987). It 
impacts on the wiring of neural circuits leading to healthy language, emotion, 
movement, socialisation and cognitive development (Frost, 1998). During both play 
and game experiences, a certain physiological phenomenon occurs that enables users 
to sustain focus and concentration on the task at hand. This phenomenon has been 
referred to as the ‘flow’ state (Csikszentmihalyi, 1975). 
Flow 
Flow theory provides a general model that summarises the concepts commonly 
experienced during enjoyable activities. While not originally designed as an 
explanation of computer game enjoyment, flow theory clearly relates to enjoyment of 
this nature and fits the experience well (Sherry, 2004). The broad nature of flow 
theory makes it a useful tool when exploring the relationships between game design 
enjoyment and engagement. Flow theory was developed by Csikszentmihalyi 
(Csikszentmihalyi, 1975) and based on careful examination of playful activity. Flow 
(Csikszentmihalyi, 1990) experiences consist of eight attributes: 
• A task that can be completed. 
• The ability to concentrate on the task. 
• That concentration is possible because the task has clear goals. 
• That concentration is possible because the task provides immediate 
feedback. 
• The ability to exercise a sense of control over actions. 
• A deep but effortless involvement that removes awareness of the 
frustrations of everyday life. 
• Concern for self disappears, but a sense of self emerges stronger 
afterwards. 
• The sense of the duration of time is altered. 
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A particular attribute of flow theory is the relationship between the skill and 
challenge levels offered by the activity. When action opportunities are perceived by a 
person to be beyond his or her capabilities, the resulting stress is experienced as 
anxiety. The psychological state of flow is experienced when opportunities for action 
are in balance with a person’s skills. When the skills of the user are greater than the 
opportunities for using those skills, the state of boredom results. The mapping of the 
levels of skill and challenge to flow experiences proposed by Csikszentmihalyi 
(1975) and supported by others (Sherry, 2004) is increasingly accepted within the 
games research community (Engeser & Rheinberg, 2008; Thin, Hansen, & 
McEachen, 2011).  
Motivation as a Strategy for Teaching and Learning 
One of the most powerful characteristics that digital games can bring to 
learning is the ability to increase motivation to engage with learning content 
(Przybylski et al., 2010). Novak & Cañas (2008) discussed that an essential 
component of meaningful learning is that a person is internally motivated to partake 
in the learning experience. This internal motivation is often referred to as intrinsic 
motivation. Intrinsic motivation is when an individual performs an action because it 
is internally satisfying to their psychological needs. Conversely, extrinsic motivation 
occurs when an individual performs an action because they are externally motivated 
to do so (Ryan & Deci, 2000a). Niemic & Ryan (2009) also agreed that for 
meaningful learning to occur it is important that the intrinsic motivation be allowed 
to flourish.  
However, in some cases there may need to be other incentives for individuals 
to be motivated to learn. If extrinsic motivation is required, it is still possible to gain 
a meaningful result, as long as the internalisation of extrinsic motivation is 
supported. Within the Self-Determination Theory (SDT) framework, four types of 
extrinsic motivation are differentiated by their level of autonomy (Ryan & Deci, 
2000a). The most external and least autonomous type of extrinsic motivation is 
known as external regulation. Extrinsic motivation refers to being motivated by 
rewards or punishments, e.g. grades or humility. Interjected regulation, a more 
autonomous type of motivation, satisfies internal contingencies and ego, e.g. to 
satisfy pride or guilt based on other’s perceptions.  
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Identified regulation takes a further step into more internal motivations. 
Identified regulation refers to an individual finding value/importance in the activity, 
e.g. understanding this activity will further their career. The final and most 
autonomous form of extrinsic motivation is integrated regulation. This is where the 
individual can find meaning in the activity and incorporate that into other intrinsic 
motivations, e.g. understanding the activity will further their career, and will lead to 
helping others they know (Niemiec & Ryan, 2009). The final two forms of 
internalised extrinsic motivation can be fostered to develop a meaningful learning 
outcome.  
Designing games to support autonomy, competence, relatedness (Deci & Ryan, 
2000) and flow (Csikszentmihalyi, 1990) can help facilitate enjoyment, ongoing 
gameplay (Przybylski et al., 2010; Sweetser & Wyeth, 2005) and consequently result 
in meaningful learning outcomes. Using a pedagogical perspective, Habgood and 
Ainsworth (2011) recommended that harnessing the motivational pull of digital 
games for learning could be achieved by tightly coupling the learning content with 
the core mechanics, e.g. the series of mechanisms designed to be repeatedly used 
during gameplay. Evidence of this approach has shown that learning content coupled 
with core mechanics can create more effective learning outcomes (Habgood & 
Ainsworth, 2011). To investigate how these core mechanics can be constructed to 
facilitate learning and engagement outcomes, an understanding of a games 
fundamental building blocks or game design elements is required. 
Game Design Elements 
Prensky (2001) identified six structural elements that make up a game: rules, 
goals and objectives, outcomes and feedback, challenge (conflict, competition), 
interaction, and representation or story. The following discussions explore how these 
elements and additional game design elements (see Figure 2 ) can be manipulated to 
convey different pedagogical strategies.  
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Figure 2: Game Design Elements Game Design Elements 
Goals 
Goals in games provide the distinction between games and toys (Prensky, 
2001). From an educational perspective, highly structured experiences seem to do 
well with clear and explicit goals (Malone & Lepper, 1987). Conversely, open-ended 
learning contexts sometimes don’t have explicit goals; instead goals emerge during 
the experience (emergent goals) and can be generated by the learner 
(Csikszentmihalyi, 1975). Goals can be considered from a difficulty or type 
perspective. Goals that vary in difficulty are of the same type, but progressively 
become more challenging. On the other hand, goals that vary in type often involve 
the addition of higher-level performance goals. Research conducted by Vansteenkiste 
et al. (2005) into the relationship between goals and motivation found intrinsic goal 
framing promotes deeper processing of the learning material, greater conceptual 
understanding of it, and both short-term and long-term persistence at relevant 
learning tasks. The same research also suggested that extrinsic goal framing is more 
useful for rote learning. Ames (1992) identified that the two most common types of 
goals in terms of motivation are based on mastery and performance. Mastery goals 
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refer to focusing on mastering and understanding content (internally), while 
performance goals focus on doing better than others, surpassing standards, or 
achieving success (externally).  
Goals form a very close bond with a challenge, in that the goals are the 
outcome of the task or challenge facing the player. Therefore, it is often found that 
when explaining the goals, the challenge or task is part of the same conversation. 
Goals can focus on doing better than others, surpassing standards, or achieving 
success with little effort. Alternatively, goals can be more self-directed, process 
oriented and focused on understanding (Ames, 1992). Simplistic goals often limit the 
available choices to the player so they can focus on gaining the required level or 
status in the game. They also rely less on competitive comparisons between other 
players or the system and more on internal or self-directed goals. 
Players can be offered goals that define a set path towards the end condition or 
the goals could be multi-layered, emergent or generated by the player if the game is 
open ended (Csikszentmihalyi, 1975; Malone & Lepper, 1987). For example, the 
goals in a story driven game could aim to progress the player to a particular point on 
the map, ensuring the next part of the story can be continued. Sandbox and 
simulation games tend to rely less heavily on a linear story and more on allowing the 
player to create their sub-goals while aiming for an end condition. 
Pedagogical approaches to goals will influence the amount of structure the 
goals have, their type and how they are presented to the player. Behaviourist-style 
goals have a performance-based objective (Ames, 1992; D. M. McInerney & 
McInerney, 2010). Such goals are also highly structured, and they will not vary in 
type, even though they may increase in difficulty (Malone & Lepper, 1987). 
Behaviourist goals such as these may be necessary, e.g. early on in a game where 
repetition of core skills is required before more complex gameplay can be accessed. 
Constructivist-based goals may be introduced through scenarios. The open-ended 
nature of goals may result in secondary goals that are created as the player progresses 
in the game (Wu et al., 2011). These goals are often structured to focus on mastery 
and understanding of processes or content (Ames, 1992; D. M. McInerney & 
McInerney, 2010). Games with goals that are multi-layered or even generated by the 
player, border on being viewed as toys, e.g. Sim City (Csikszentmihalyi, 1975; 
Malone & Lepper, 1987; Prensky, 2001). Constructivist based goals however, are 
  
Chapter 2: Serious Game Analysis 25 
more appropriate once fundamental skills and concepts exist. Goals that aim to 
support and guide learners are still required to ease the learner into more open ended, 
complex situations. 
Rules 
Salen & Zimmerman (2004) identified the characteristics of rules as explicit 
and unambiguous structures that limit player actions. They are shared by all players, 
fixed in place and binding. From an educational perspective, rules can be used to 
convey meaning or knowledge, which in turn can yield an educational outcome. The 
way in which the rules are designed can be viewed from both a behaviourist and 
constructivist perspective through differentiating the way they are given or presented 
to the player and how they are used. Behaviourist-style game rules are concise and 
prescriptive and unlikely to be changed during the game. These rules clearly identify 
boundaries, the causality of the player's actions, and are often simplified to ensure 
obvious physical-virtual association and mapping (Ang, Avni, & Zaphiris, 2008). 
Constructivist-style rules may be seen as more ambiguous, requiring the player to 
explore and seek out their understanding of the rules. Rules may also be altered 
depending on the context or environment the player is in.   
At the heart of the game resides the structure or rule set that defines how the 
user can or cannot interact with the game. A polarity can be seen in the rules of the 
game varying between strict and rigid boundaries, to rules that can be perceived as 
ambiguous or less strict (Frasca, 2003). Explicitly outlining the rules for the player 
can clearly be beneficial, as they know what they can or can’t interact with. 
However, rules that seem more ambiguous can encourage the player to feel more free 
to step out and explore the limits of the game, testing the rules themselves rather than 
being told.   
Rules can define a direct or indirect set of methods to produce a successful 
outcome (Malone & Lepper, 1987), e.g. the player is aware that there are a set 
number of steps required to solve the problem at hand. The benefit being the player 
only has to focus on one available solution. Alternatively, the player could be aware 
that they have many paths when it comes to solving the problem. They therefore feel 
they have the choice to select which solution will yield the most beneficial reward or 
outcome. 
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Rules can allow the player limited or vast control when interacting with the 
system (Frasca, 2003). Limited control over the game mechanics ensures the player 
receives the same experience that was originally designed or envisioned. Whereas 
players who have greater control are not only dealing with more complex gameplay, 
but they can encounter gameplay that is emergent or was not originally designed. 
Challenge 
The challenge in games is a common topic talked about in game theory 
literature (Adams, 2013; Prensky, 2001; Salen & Zimmerman, 2004). The 
interpretation used in this thesis is that the challenge is the (usually pleasurable) 
stress the player feels, as a direct result of the task/s that they need to complete in 
order to reach a desired goal. Electronic games have been referred to as nothing more 
than a problem to be solved (Prensky, 2001). These problems present the player with 
some form of conflict or challenge, either opponent or system based. 
Csikszentmihalyi (1975) proposed that there should be an optimal level of challenge 
that adjusts to match an individual's level of competence. Activities that are too easy 
or too hard will be of little intrinsic interest and result in boredom or frustration. 
Malone & Lepper (1987) also identified the importance of balance between 
challenge difficulty and skill level within games. Within serious games, perceived 
control in challenges should be embedded into the structure and design of learning 
tasks. Tasks that offer a sense of control over the process are more likely to create 
intrinsically motivated learning. The challenge can be controlled through variable 
difficulty levels (Malone & Lepper, 1987). In addition to competitive and skill based 
challenges, hidden information and randomness can also be included to add 
complexity and uncertainty to challenge (Malone & Lepper, 1987). 
Pedagogical considerations of challenge often revolve around the difficulty and 
types of problems to be solved. A behaviourist-style of challenge might encompass 
problems that require the predictable and repetitive use of skills, or the recollection 
of knowledge as a player works towards the solution (Kebritchi & Hirumi, 2008; 
Malone & Lepper, 1987; Wu et al., 2011). The level of difficulty is likely to be 
controlled by the system, not taking into consideration the competence of the player 
(Malone & Lepper, 1987). A constructivist-style approach might require logical 
thinking or strategic planning to overcome challenges (Wu et al., 2011). In this 
model, the level and types of challenges available could also be varied and can either 
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be chosen by the player or controlled by a system (Csikszentmihalyi, 1975; Malone 
& Lepper, 1987). 
Difficulty should also be considered alongside challenge. In this case, difficulty 
refers to the effort felt by the player to overcome the game’s challenges. In both flow 
and self-determination theory challenge is viewed as the perceived difficulty an 
individual feels and skill required when performing a task. Adams (2013) discussed 
how difficulty is comprised of many game components, which together form the 
player’s perception of difficulty at a given moment during the play experience. The 
level of difficulty experienced by a player is often compromised by the intrinsic skill 
required, as well as the stress level induced, during the completion of a task. This is 
relative to the power or help the game offers the player and their existing experience 
with the game mechanics. All of these attributes need to be balanced during the 
entire game to ensure the player’s engagement is sustained. 
Malone & Lepper (1987) also identified the importance of balance between 
challenge difficulty and skill level within games. Within serious games, perceived 
control in challenges should be embedded into the structure and design of learning 
tasks. Tasks that offer a sense of control over the process or procedure are more 
likely to create engaging learning experiences.  
Choice 
Choice in games is essentially what makes the interaction between the player 
and system meaningful (Salen & Zimmerman, 2004). It is important to note high 
levels of choice do not necessarily map to intrinsic motivation within a learning 
context. More than five choice alternatives can devalue the importance of choice and 
lead to frustration and confusion rather than satisfaction (Malone & Lepper, 2005). 
This overload of choice can be linked to the level of cognitive effort or load 
allowable within human working memory (Sweller, 2010). Pedagogical approaches 
to choice affect the level of choice available to the player. Games that present one 
direct path to producing an outcome, with only one or two meaningful choices along 
the way, might be considered to take a behaviourist approach (Malone & Lepper, 
1987; D. M. McInerney & McInerney, 2010). A constructivist approach might 
structure the game, so there are multiple paths to solving a problem, and three or 
more meaningful choices are available at any time (Malone & Lepper, 1987). 
Feedback 
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Feedback can be seen as a measure of progress through a game based on the 
goals. It refers to the type of response given once a game action has been performed 
(Prensky, 2001). Players need to be able to evaluate how well or how poorly they are 
doing, through clear and unambiguous feedback. Provision of such feedback 
supports intrinsic motivation (Csikszentmihalyi, 1975). Activities that primarily 
focus on the use of extrinsic rewards run a serious risk of diminishing rather than 
promoting intrinsic motivation (Deci et al., 1999). Positive feedback, on the other 
hand, enhances both free-choice behaviour and self-reported interest in activities. 
Malone & Lepper (1987) suggested that performance feedback should be structured 
to promote perceptions of personal competence and effort, and to minimise the 
possibility of diminishing the learner’s self-esteem. However, this needs to be 
balanced with the need for clear performance feedback. 
Pedagogical approaches to feedback and outcomes primarily deal with the 
meaning of the feedback. Behaviourist-based feedback and outcomes may revolve 
around external reinforcement of player actions using rewards or punishment (Ang et 
al., 2008; D. M. McInerney & McInerney, 2010). This results in players being 
assessed by skill development, task completion, or success compared to others 
(Ames, 1992). A constructivist-style approach to feedback provides continuous 
information that facilitates both free-choice and self-awareness of the player’s 
progress towards the goal (Csikszentmihalyi, 1975; Deci et al., 1999). This feedback 
leads to players being assessed by their progression and understanding (Kebritchi & 
Hirumi, 2008). 
Context 
Context refers to the representation, meaning and purpose of the game, as well 
as the environment or fantasy it simulates. Parker & Lepper (1992) measured the 
effects of embedding learning content into games and found significantly greater 
learning and transfer in the games that were embedded in a fantasy context. Fantasy 
can be seen as an environment that evokes mental images of physical or social 
situations that are not present. Pedagogical approaches to context refer to the use and 
structure of game content, such as fantasy. Behaviourist-style approaches might 
expect the player to absorb information via text, cut-scenes, audio and animation 
(Ang et al., 2008). The context or fantasy used is not related to the actions 
performed. It only concerns itself with the players performance, e.g. answering math 
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questions quickly to increase the speed of a racing car (Malone & Lepper, 1987). A 
constructivist-based approach to context might embed information within many 
different game elements, encouraging the player to understand the relationships, 
conflicts, or the meaning of events that take place (Ang et al., 2008). The fantasy is 
also relatable to the actions performed (Malone & Lepper, 1987), e.g. the hypotenuse 
needs to be calculated so that the death star’s laser beam can be accurately fired to 
destroy the rebel base. 
2.1.2 Summary and Implications 
It is theorised that games hold learning and motivational benefits due to their 
ability to satisfy our most fundamental psychological needs (Csikszentmihalyi, 1975; 
Deci et al., 1999; Malone, 1981; Przybylski et al., 2010; Vansteenkiste et al., 2005). 
However, analysis of research into educational computer games identified that much 
of the research fails to identify and communicate the pedagogical or instructional 
strategies that underpin the experience (Kebritchi & Hirumi, 2008).  
An understanding of the reviewed literature has lead to the remainder of this 
chapter taking the perspective that conventional teaching strategies can fall along a 
spectrum from retention-based to discovery-oriented (see Figure 1.1). Strategies such 
as direct or reception instruction, programmed instruction and social learning theory 
can be found at the retention instruction end of the spectrum. They are effective 
strategies to enhance skill mastery and rote learning (D. McInerney & V. McInerney, 
2010; Novak & Canas, 2008; Wu et al., 2011). Strategies such as autonomous 
discovery, inquiry learning, problem-based learning, cognitive apprenticeship, and 
situated learning can be found at the other end of the spectrum. These strategies can 
lead to a deeper and more meaningful understanding of concepts and processes. This 
is in addition to the acquisition of skills (Holman et al., 1997; Lave, 1991; Woolfolk 
and Margetts, 2010; Wu et al., 2011). 
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Figure 3: Retention Instruction and Autonomous Discovery Instruction Continuum 
 
This understanding has been used to deconstruct the design of games and relate 
their game elements to common pedagogical and instructional strategies (see Figure 
3). A method of clearly communicating pedagogical approaches is to group them by 
epistemological foundations, the most common of these being behaviourism and 
constructivism.  
2.1.3 Conceptualisation of the Literature 
The conceptualisation of the literature presented in the previous sections covers 
pedagogy, game genre and design elements, motivation, and learning outcomes. The 
motivation and engagement of the player will be influenced by the learning and game 
design elements. The learning outcomes will be influenced by the motivation and 
engagement felt, as well as the structure of the game design elements. The game 
design elements will be structured based on the requirements found within the 
learning component, but then have an effect on the learning outcome and motivation 
of the player. The literature does discuss the relationship between pedagogy and 
motivation, however, pedagogy, as enacted through the game design, affects learning 
outcomes and learner motivation. Each game element is considered from a 
pedagogical perspective and will impact on the type and level of motivation felt by 
the player, e.g. game elements with a behaviourist structure will potentially result in 
more extrinsically motivating experiences. Alternately, game elements with a 
constructivist structure will potentially result in more meaningful learning outcomes. 
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2.2 RESEARCH DESIGN 
The previous literature was used to develop an inquiry tool that can be used to 
investigate the pedagogical nature of a serious game. The following sections explore 
a number of existing serious games using this tool and discuss their use from a 
pedagogical and motivational perspective. 
2.2.1 Methodology: Mapping Game Design Elements to Pedagogy 
The Gameplay Pedagogy Tool (GPT) aims to identify the potential pedagogical 
strategy being used in a serious game based on the design of the gameplay. Table 2.1 
was constructed based on the understanding of how game design is influenced by 
different and entirely valid pedagogical viewpoints. 
To demonstrate the use of the GPT, forty educational iPad games designed to 
teach mathematics and science were analysed using the GPT to understand the 
pedagogical structure within the gameplay. The choice of iPad only games does 
bring about some limitations to the outcomes of this study due to the alternative input 
mechanisms. However, the GPT aims to understand the educational intent of the 
games at a cognitive level; as such, it works without being constrained to a set user 
input model. Games were chosen from the iPad App Store based on how they were 
categorised and described by the game authors. To ensure that the GPT population 
was focused, only those games suitable for school-aged children between 10 and 13, 
and focused on the educational topics of mathematics and science were chosen. 
Descriptions and examples from the Australian National Curriculum (National 
Curriculum Board, 2009) were used to determine if the games contained age-
appropriate educational content. Based on these selection criteria, twenty 
mathematics and twenty science games were downloaded and played.  The results for 
each game were determined from playing the first five levels or first thirty minutes 
(excluding the tutorial). This ensured the majority of game features were played at 
various difficulty/guidance levels. 
Using the GPT, each game was analysed with respect to elements of rules, 
challenge, goals, feedback, outcome, choice and context taking into consideration 
differences based on pedagogical foundations. These heuristic items were generated 
based on the literature discussed earlier and were used to categorise the games as 
either behaviourist-based (B) or constructivist-based (C) (see Table 1).  
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Table 1: Gameplay Pedagogy Tool (GPT) 
Code Behaviourist Code Constructivist 
Rules    
RB1 Players are given are 
clear, concise and 
prescriptive rules to 
follow (e.g. 
tutorial/help screen) 
(Ang et al., 2008). 
RC1 Players are expected to 
construct/learn their own 
understanding of the rules 
using deductive/inductive 
reasoning, observation, 
hypothesis testing or mental 
reflection (Ang et al., 2008). 
RB2 Players are given are 
clear, concise and 
prescriptive rules to 
follow (e.g. 
tutorial/help screen) 
(Ang et al., 2008). 
RC2 The rules allow the player to 
perform more than three 
different interactive actions at 
any one time  (Malone & 
Lepper, 1987). 
RB3 The rules only support 
one solution or 
sequence of actions to 
complete/solve a 
problem (Malone & 
Lepper, 1987). 
 
RC3 The rules allow the player to 
perform different methods or 
solutions to complete/solve a 
problem (Malone & Lepper, 
1987). 
Challenge    
CHB1 Challenge difficulty is 
structured by the 
system (Malone & 
Lepper, 1987). 
CHC1 Challenge difficulty is 
adjusted by the player to 
match their level own of 
competence (Malone & 
Lepper, 1987; 
Csikszentmihalyi, 1975). 
CHB2 Skill mastery or 
knowledge retention is 
the focus of the main 
CHC2 Cognitive, logical thinking or 
strategic planning is the focus 
of the main challenges (Wu et 
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challenge (Wu et al., 
2011). 
al., 2011). 
CHB3 Challenges are 
repetitive or practice 
based (Kebritchi & 
Hirumi, 2008). 
CHC3 There are multiple types of 
challenges made available 
(Csikszentmihalyi, 1979). 
Feedback    
FB1 Feedback on goal 
progression uses 
negative 
reinforcement, 
punishment (D. 
McInerney & V. 
McInerney, 2010). e.g. 
running into a monster 
and instantly dying. 
FC1 Feedback on goal progression 
provides positive 
reinforcement or information 
which enhances free-choice 
and self-awareness (Deci, 
Koestner, & Ryan, 1999). e.g. 
progression bar used to show 
goal progress. 
FB2 Feedback of goal 
progression is limited  
(D. McInerney & V. 
McInerney, 2010). e.g. 
player only receiving 
information on their 
performance at the end 
of the round. 
FC2 Feedback of goal progression 
is continuous 
(Csikszentmihalyi, 1975). e.g. 
progression bar, constantly 
updating to reflect the player’s 
performance. 
Context & 
Story 
   
CB1 The fantasy and the 
skills required to play 
the game are unrelated 
(Malone & Lepper, 
1987).  e.g. answering 
math questions quickly 
to increase the speed 
CC1 The skill required to play the 
game and the fantasy are 
interrelated e.g. the 
hypotenuse needs to be 
calculated so that the death 
star’s laser beam can be 
accurately fired to destroy 
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of a race car. Alderaan (Malone & Lepper, 
1987). 
CB2 The games context, 
content or narrative 
emerges from text, cut 
scenes, audio, 
animation (Ang et al., 
2008). 
CC2 The games context, content or 
narrative emerges from the 
relationships, conflicts, or 
meaning of interaction and 
events that take place in the 
game (Ang et al., 2008). 
 
Games received a score of 0 or 1, for each heuristic item they fulfilled. The 
mean score was calculated for each heuristic category (rules, goals, challenge, 
feedback, choice, and context). The mean heuristic score for each pedagogical 
category was calculated to give an overall behaviourist and constructivist score of the 
game. The difference between these two mean values was then calculated to produce 
a final score that signifies what position a game would be placed on a pedagogy 
continuum. This pedagogical scoring continuum ranged from -100 (behaviourist) to 
100 (constructivist). 
The GPT (see Table 2) displays examples of how the scoring system was 
calculated and presented. The result of this example game (Kung Fu Math) is that the 
game is very behaviourist in design across the key design elements. 
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Table 2: GPT Scoring Tool 
 
Rules Challenge Goals Feedback Choice Context 
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Behaviourist Constructivist 
Continuum 
Position 
Kung 
Fu 
Math 1 0 0.75 0.25 1 0 1 0 1 0 1 0 -95.83% 4.17% -91.67% 
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2.2.2 Results 
The average position of mathematics games on the pedagogy continuum was 
(M = -58.07, SD = .30). The mathematics games fell into the genres of quiz, action, 
action quiz, and puzzle. The average position of the science games on the pedagogy 
continuum was (M = -16.94, SD = .48). The science games fell into the genres of 
quiz, action quiz, action, puzzle, simulation puzzle, and simulation strategy. Science 
games were more likely to embody constructivist strategies across genres, with the 
exception of the action quiz genre. Quiz and action quiz games received the highest 
behaviourist scores for both science and mathematics games, while the scores of 
puzzle and action games were closer to zero, indicating a combination of 
constructivist and behaviourist elements. The science simulations received the 
highest constructivist scores.  
There were fourteen mathematics games that focused on numeracy and these 
spanned across all of the mathematics game genres. The average score for numeracy-
based games was (M = -69.62, SD = .24). Three of the mathematics games focused 
on measurement and were classed as either puzzle or action games. The average 
continuum position for measurement games was (M = -24.07, SD = .65). Two of the 
mathematics games focused on inductive reasoning and problem-solving. These 
games were both classed as puzzle games and averaged (M = -16.67, SD = .19) on 
the continuum. There were seven science games that focused on physics concepts 
and they were all classed as simulation puzzle games. The average score for the 
physics-based games was (M = 13.29, SD = .19). Five of the science games focused 
on chemistry and were classed as quiz, action quiz, or puzzle games. The average 
continuum position for chemistry games was (M = -53.89, SD = .54). Six of the 
science games focused on the earth sciences and were classed as action quiz, action, 
puzzle, and simulation strategy games. Earth science games averaged (M = -9.95, SD 
= .51) on the continuum. Two of the science games focused on particle physics and 
were both within the action genre. These games averaged (M = -51.39, SD = .21) on 
the continuum (see Figure 4) illustrates where the serious games were positioned on 
the pedagogy continuum when grouped by genre. 
While the game genre is a useful communication tool to group games, this 
study was more interested in groupings of design structures. Within science games, 
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all six game design elements consistently embodied a stronger constructivist 
pedagogical approach than within mathematics games 
Analysis of both science and mathematics games (see Figure 4) showed that 
context was strongly positioned to follow behaviourist strategies. Similarly, rules and 
goals were more prominently based on behaviourist pedagogy, although this was 
more evident in mathematics games than in science games. The challenge, feedback 
and choice were more likely to include a combination of behaviourist and 
constructivist strategies, with a choice clearly the most likely to embody a 
constructivist pedagogy.  
 
Figure 4: Design Element Pedagogical Focus of Mathematics and Science Games 
    
Sixteen of the mathematics games were based around the topic of numeracy. 
The primary aim of these games was to use numeracy skills like addition, 
subtraction, multiplication and division to complete a game objective. Three of the 
games focussed on using principles of measurement to solve puzzles. Two of the 
games required a combination of numeracy and inductive reasoning skills to solve 
problems. 
A majority of game challenges (62%) allowed the player to adjust the difficulty 
level to take into consideration his or her level of competence. However, within these 
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games, this adjustment was often restricted to three general categories – easy, 
medium and hard.  
The majority of the games focused on skill mastery or factual recollection 
(71%). An example of such a challenge is when the game required reflexes and 
recognition to determine which correct multiplication answer to shoot. Only seven of 
the games examined contained challenges that required the use of higher level 
cognitive skills. These cognitive skills consisted of logical reasoning or strategic 
planning, for example, solving tile-based puzzles, using similar game mechanics to 
those found in Bejeweled (PopCap Games, 2013). 
All of the mathematics games utilised repetitive, practice based challenges. 
Many of the challenges in the games used the same pattern repeatedly, for example, a 
sequence requiring the player to shoot or avoid enemies followed by a short series of 
multiplication questions to be answered, and there was very little variety in how the 
challenge was presented to players. Just under half (43%) required a particular goal 
to be achieved through a variety of challenge types, for example, requiring the player 
to do more than just solve multiplication questions. The games that did offer a more 
diverse range of challenges did so through different game modes or themes, for 
example, allowing the player to choose which mathematical symbols would be 
included in the challenge.   
There were very few examples of games that included challenges that involved 
uncertainty or hidden information. Only four of the 21 games examined include such 
a challenge, for example, a geometry matching game that required players to select 
the correct tiles to solve the puzzle; however, figuring out which tiles needed to be 
selected required either experimentation or strategic planning. Most games relied on 
predictable challenges, such as enemies that would spawn at the same position and 
move or shoot at the player. 
2.3 ANALYSIS 
2.3.1 Case Study Analysis 
To complement these results, two maths games became the focus for case 
studies to explore how the different design elements of the games contributed to the 
pedagogical strategies identified. The purpose of this was to demonstrate how the 
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Gameplay Pedagogy Tool can be used to analyse a serious game by breaking it down 
into its design elements and understanding their pedagogical intent. 
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2.3.1.1 Case Study 1 
Math Bingo 
 
 
Math Bingo (see Figure 5) is a bingo game based on answering numeracy 
questions, e.g. 2 x 6 = 12. Players are presented with a numeracy question that they 
must solve by selecting the correct answer on the bingo grid. Points are awarded for 
the speed and accuracy of the player’s responses. When a player answers a row of 
questions, the round is over and their points are tallied.  
(RR1) The rules of this game are fairly clear and presented in a separate menu 
from the game, leaving little room for ambiguity or exploration of the games limits. 
(RR2) There is a direct path to producing an answer, i.e. selecting from a grid of 
answers. (RR3) This bingo cell selection system is the primary method of interaction 
while the game is being played.  
(CA1) Before each round the player is given the opportunity to select the type 
of numeracy questions they will answer, e.g. multiplication, addition, subtraction, 
division. The game then offers three levels of difficulty to ensure the gameplay 
matches their competency level. (CR2) The primary challenge of answering 
numeracy questions is very repetitive. (CA3) While playing the bingo game, the 
player has the option of choosing one answer out of a grid of twenty-five. As the 
Figure 5: Math Bingo iOS 
(ABCya.com, 2013) 
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game is based on bingo, luck is the primary determinate of which row will be filled 
first. 
(GR1) The primary goal of Bingo Math is to complete a bingo card with the 
highest competitive score. (GR2) The only sub-goal within the main bingo gameplay 
is to answer questions consecutively until a row is complete. The primary cognitive 
challenge of the game is to recollect and identify answers to numeracy questions on 
the bingo card. The use of a timer to modify the final score adds an extra level of 
stress for the player and encourages quick recollection strategies rather than problem-
solving, which takes more time. 
(FR1) The player is given immediate feedback every time they answer using an 
incorrect or correct image. While the answer is provided if they get it wrong, it often 
disappears before the user has a chance to take it in. If a player receives too many 
incorrect answers, the game ends. However, if they manage to complete an entire 
row, then their score is shown and compared with the high score. It is easy to see and 
understand that answering a question correlates to picking the answer on the bingo 
card. (FA3) While this is a slight deviation from a typical bingo game, it can be 
assumed that there isn’t a large cognitive leap to figure out that answering the 
question correctly confirms the bingo cell selection. (GR3) (FR2) The game takes a 
common task of numeracy questions and applies it to the context of a bingo game. 
The rigid nature of responding to numeracy questions does match well with the rigid 
nature of the rules of bingo. 
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2.3.1.2 Case study 2 
Math Matrix 
 
Figure 6: Math Matrix iOS (Wuxi Haohai Information Technology Co., 2011) 
 
Math Matrix (see Figure 6) is a maths puzzle game that requires the player to 
discover numbers hidden on the puzzle board. Each piece on the puzzle board 
displays a number and can be selected. The goal is to combine adjacent numbers to 
create the number displayed at the top of the screen. The player has to use a mixture 
of division, multiplication, subtraction, and addition to successfully use two adjacent 
numbers to create an answer. The player must try to answer as many questions as 
possible before the timer runs out. Points are tallied and awarded at the end of each 
round. 
(RR1) The games rules do set fairly rigid boundaries for how a player can 
interact with the game. (RA2) The rules of the game allow the player to use a number 
of different mathematic methods, e.g. using multiplication or subtraction to get the 
same number. (RR3) Due to the nature of the puzzle game, the system limits the 
ways in which the player can interact with the system, i.e. they can only solve the 
problem by selecting a similar set of buttons. 
 Chapter 2: Serious Game Analysis 43 
(CR1) The game controls the level of difficulty by progressing the player 
through more challenging problems the more they play. (CR2) The player does not 
have the option to choose their level of difficulty, instead the game assumes that all 
players will follow a similar learning curve. The entire game is based on solving the 
same type of challenge over and over again through varying levels of difficulty. 
(CR3) When playing the game, the player always has at least four different ways in 
which they can solve the problem, e.g. they can select any of the puzzle cells to start 
their solution.  
(GA1) While a scoring system is in place, it is not used to compare high scores, 
rather the score is used to progress the player through the levels. (GR2) Goals and 
sub-goals are fairly limited in what needs to be achieved to complete a level. (GA3) 
While each puzzle requires typical numeracy skills to solve, there is a high level of 
strategic planning and logical thinking involved when choosing the right cells to 
activate. 
(FA1) The feedback the player receives is fairly continuous and does enhance 
self-awareness while playing. Responses are given when answering a question; 
additional hints and improvement information are also shown, e.g. hints offer 
possible solutions, and incorrect answers show a solution calculation until the next 
problem is attempted. (FR2) The outcome of each round is assessed by the amount of 
moves/attempts it takes to answer the numeracy questions. (FA3) The game is 
wrapped in a puzzle format, so interacting with the game matches the expected 
outcomes well. It is very clear that combining adjacent cells could be used to solve 
the problem that would lead to a mathematical calculation. The game has fairly rigid 
rule sets and is based on answering numeracy questions. However, the ability to 
solve the numeracy problem in a number of different ways opens up the need for 
strategic thinking. 
These two case studies have discussed the pedagogical design structures of 
what were found to be typical serious mathematics games on the App Store. While 
both games focused on developing numeracy skills; each game used different design 
structures resulting in different perceivable pedagogical strategies. Case study 1 
(Math Bingo), used the more behaviourist approach of taking an existing game 
structure (bingo) and overlaying it with traditional numeracy exercises. Case study 2 
(Math Matrix HD), used the more constructivist approach of creating somewhat new 
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game mechanics that required the use of numeracy skills, yet still fundamentally 
worked as engaging gameplay. What is now required is an investigation into how 
serious games can be designed from the ground up to support the desired learning 
and motivation outcomes. Once this has been achieved, an investigation on how to 
effectively measure player’s motivation and learning outcomes can be conducted. 
2.4 CONCLUSIONS 
The purpose of this thesis chapter was to provide a solid theoretical 
understanding of serious games and how they can be analysed. Literature on 
learning, engagement, and game elements was discussed. From this literature, a 
conceptual framework was developed to conceptualise the design of serious games 
with respect to these educational factors. This thesis focusses on deconstructing 
games into elements that could be identified as having a particular pedagogical 
quality. The particular game components of rules, challenge, goals, feedback and 
outcome, choice and context, were considered with respect to their motivational 
qualities and the relationship to educational instruction and learning. 
To assess the usefulness of this conceptual framework, a goal of supporting the 
growing demand for serious games for children was set. This demand required new 
knowledge to help inform both the design and choice of these games. To address this 
problem, particular focus was placed on primary school level mathematics and 
science tablet-based games found in the Apple App Store. In total, 40 games were 
analysed using the GPT to determine the pedagogical nature of their inherent design 
elements. The goal, in populating the GPT, was to better understand its value in 
identifying design patterns evident within the games and how these might be 
considered from an educational and motivational perspective. Serious games fitting 
this profile were examined with respect to the game elements they offered.  
A primary research question of “What are the educational design structures of 
serious games?” guided this investigation. Two sub-questions follow this question: 
• What are the game design structures that reflect behaviourist educational 
strategies? 
• What are the game design structures that reflect constructivist 
educational strategies?   
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This exploratory analysis found that mathematics and science games take a 
behaviourist approach to game design; however, this is more evident in mathematics 
games. It seems that many of these games are based on drill and practice techniques, 
which require the player to repeatedly perform the same series of actions or cognitive 
processes, with slight modifications to the level of difficulty. While drill and practice 
have been a popular teaching strategy for many years; they do leave a noticeable gap 
for games that would require higher level cognitive skills, such as logical thinking or 
strategic planning.  
This investigation concluded that the careful design implementation of these 
components requires further investigation to better separate the elements that can 
actually impact learning and motivation, e.g. the challenge could be broken down 
into choice and action, and context is less significant to the actual learning process. 
Testing the usefulness of the GPT would still require further empirical work i.e. 
having multiple raters assess and then testing for inter-rater reliability. This 
investigation has also highlighted the need to investigate a way to dig deep into the 
heart of the game and understand the qualities at a core-gameplay level. 
The significance of this research is a greater understanding and toolset to use to 
design or select serious games that are aligned with curriculum goals. This 
investigation has highlighted some limitations in the way game design can be 
incorporated into educational math-based games. A conceptual framework was 
developed that highlights the relationships between motivational and educational 
qualities. An inquiry tool known as the Gameplay Pedagogy Tool was also used to 
identify the qualities of serious games and their pedagogical intent. The strengths and 
weaknesses of this approach, and guidelines and considerations were discussed. 
Grounding the research is an approach that acknowledges the importance of 
understanding the complex relationship between pedagogy, game design and 
learning outcomes. Separating games into their component rules, challenge, goals, 
feedback, choice and context is a useful and systematic method to achieve greater 
depth and insight into the game. This lens of viewing the design of serious games is 
used in the following chapters to develop the Serious Gameplay Framework. 
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Chapter 3: Serious Game Design 
3.1 INTRODUCTION 
The educational theories discussed in Chapter 2 guide the practical strategies 
and processes of teaching and learning environments. The activities within these 
strategies are informed by theory, and implemented through the design of learning 
objectives, curriculum structures and assessment systems (Jonassen et al., 1999). 
When designing serious games, various researchers and developers have adopted a 
wide range of design processes and activities. These borrow from both educational 
and games design areas. Games design activities aim to structure the user experience 
and gameplay during the actual activity (Adams, 2013). Serious game design 
frameworks have sought to couple the best practices from both instructional and 
games design into the one process (Amory, 2006; Defreitas & Oliver, 2006; Watson, 
2007). This holistic approach to design processes covers the key stages that occur, 
such as analysis, design, development and evaluation of efficacy. 
Design gaps remain in these frameworks; therefore, this chapter aims to 
address these gaps by answering the following research question: “What guidance is 
required during the development of a serious game?”. To achieve this, a design 
framework called the “Serious Gameplay Framework” (SGF) is proposed in this 
thesis. The SGF builds upon different design processes and uses the conceptual 
models developed in Chapter 2 as a basis for understanding motivation, learning and 
game design. The SGF is applied through the design of a number of serious games 
and tools/template guide documents.  
This chapter first discusses some of the background literature and research on 
learning from gameplay, instructional design frameworks, learning objectives and 
serious game design frameworks. A new design process is then proposed based on 
this literature, as well as the literature outlined in Chapter 2, which encapsulated the 
motivational, learning and design qualities. Examples will be given to demonstrate 
the application of the SGF during the analysis and design phases of serious game 
development. 
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The contribution of the SGF has not only aided the development of various 
serious games, but also acts as a design processes guide for developers during the 
analysis, design, development and evaluation stages. The lessons learned and guides 
proposed contribute to the themes of this thesis and are designed for readers who are 
exploring how to use a serious game design framework. 
3.2 LITERATURE 
The literature reviewed in Chapter 2 discussed the underpinning theories on 
learning, motivation and game design leading to an understanding of how serious 
games can be used. The literature discussed in this chapter covers some design 
processes that can be used to develop serious games. This knowledge informed the 
development of the SGF proposed in this thesis. 
3.2.1 Serious Game Design Frameworks 
Serious game design frameworks aim to couple the best practices from both 
instructional and games design into the one process. Motivation to engage and 
remain engaged with a serious game may be determined by the way the game’s core 
mechanic links to the educational purposes of a game (Habgood & Ainsworth, 2011). 
There are a number of educational game design frameworks that can assist with 
designing educational games and gameplay with guidelines, mapping tools and 
tables.  
Some design frameworks take a holistic approach, encompassing many 
different elements that aim to guide the design of the entire game from start to finish 
(Amory, 2006; Chamberlin et al., 2012; Gosper & McNeill, 2012; Tang & 
Hanneghan, 2010). These game design frameworks offer various guidelines and 
structured processes to ensure developers make informed pedagogical decisions 
when creating educational games.  
The Game Object Model 2 (Amory, 2006) has been revised from an earlier 
Game Object Model (GOM) (Amory and Seagram, 2003). The framework acts as a 
guide for describing the relationships between the pedagogical dimensions of 
learning and game elements using Object Orientated Programming paradigms as a 
common language for designers (Amory, 2006). The framework can be used during 
the design of an educational game, as well as a tool to evaluate the use of an 
  
Chapter 3: Serious Game Design 49 
educational game in the classroom. The first version of the framework set out to 
describe the complex relationship between individual elements that go into designing 
an educational game using an object-oriented perspective.  
The framework views design elements as individual ‘objects’ that are described 
through abstract and concrete interfaces. The abstract interfaces are the pedagogical, 
theory-based design decisions made during the conceptualisation phase of an 
educational game (see Figure 7). The concrete interfaces are the actual 
implementation of these design decisions, manifested through tangible software 
development outcomes e.g. game mechanics and gameplay. Each ‘object’ is based on 
a collection of research that can be used as a base understanding of how the 
interfaces should be designed to the benefit of the end user. Likewise, based on this 
sound theoretical base, an educational game could be deconstructed into its ‘objects’ 
and ‘interfaces’ to describe how certain ‘objects’ and ‘interfaces’ might make sound 
pedagogical decisions or not based on existing research. The GOM 2 version of the 
framework updated existing ‘objects’, ‘interfaces’ as well as introducing new 
‘object’, ‘interface’ being the “Social Space”. 
The GOM and GOM 2 have been used on numerous occasions to 
design/develop serious games (Amory, 2001; Amory & Seagram, 2003; Foko & 
Amory, 2004; Seagram, 2005), as well as deconstruct games for their educational use 
(Amory & Seagram, 2003; Seagram, 2005; Arnab, et al., 2014)). A strength of this 
model is that it provides a solid and high level theoretical grounding on how the 
different elements of a serious game may impact on the player. However, the 
limitations of this framework revolve around the lack of clear instructional goal 
development and practical guidance. What is also missing are clear examples of how 
this theoretical knowledge may actually be manifested as tangible design outcomes 
e.g. a design process or group of activities to develop ‘objects’, ‘interfaces’. 
 50 Chapter 3:Serious Game Design 
 
Figure 7: GOM Framework (Amory & Seagram, 2003) 
Defreitas & Oliver (2006) developed a framework with similar goals in mind. 
Theirs was a framework for the evaluation of serious games based on their 
pedagogic, learner specification, context, and mode of representation qualities. The 
framework allows educational practitioners to be more critical of their selection of 
serious games and to consider the many elements of the framework through an 
inquiry process.  
The four dimensional framework aims to help educational practitioners 
evaluate the potential of using games or simulation-based learning (see Figure 8). It 
also provides a critical approach to these forms of learning. The four, iterative 
dimensions (Context, Learner, Internal Representational World, and Processes of 
Learning) should be used as a guide rather than a prescriptive method. The use of the 
framework is manifested through a checklist, where questions under each dimension 
are asked and then answered e.g. Context: “What Is the context for learning (school, 
university, home…)” (Defreitas & Oliver, 2006, p9). Completion of the checklist has 
the potential to highlight challenges that may arise during the design process. 
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Example use of the framework helps to demonstrate the effectiveness of this 
approach to evaluation and design (De Freitas, Rebolledo-Mendez, Liarokapis, 
Magoulas, & Poulovassilis, 2010; Defreitas & Oliver, 2006).  
The practical nature of inquiring about the sometimes hidden educational 
purpose of a serious game or simulation is useful, especially during the early stages 
of a development process. However, gaps remain in the frameworks ability to guide 
the actual construction of gameplay. The touchstone, rather than prescriptive 
approach promoted in the framework, could be a reason why this process of design 
remains ambiguous.   
 
Figure 8: Defreitas & Oliver, 2006 - Framework 
 
The Games for Activating Thematic Engagement (GATE) theory is a serious 
game design framework that focuses on engagement outcomes, and the inherent 
learning benefits of this outcome (Watson, 2007). Based on a body of research, the 
theory contains sub-methods that can be used to guide various stages of the analysis 
and design. These sub-methods consist of:  
“1.1 Select a topic or multiple topics which can be connected by themes.  
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1.2. Define supported learning objectives.  
1.3. Analyse intended learning environment, learner attributes, and design 
environment in order to establish available resources and constraints, conduct 
feasibility and return on investment analyses, and specify scope. 
1.4. Define rules of context and overall structure of game, including story, 
goals, objects, supported actions, feedback, learner roles, and embedded values. 
1.5. Promote desired learning opportunities through introduction of key 
obstacles, problems, and plot elements within the game and the implementation. 
1.6. Design specific implementation guidelines and artifacts, including external 
activities and potential demonstrations of mastery. 
1.7. Focus on engagement with the topic: incorporate and encourage 
competition and immersion through supporting learner control, challenge, fantasy, 
and curiosity within both the game and the implementation. 
1.8. Design and develop the game through an iterative process which includes 
cycles of prototyping, evaluation, and redesign.” (Watson, 2007, p49). 
The sub-methods provide a useful road map to step through the design of a 
serious game whilst considering all the necessary elements. During the analysis 
phase, GATE suggests that many elements should be considered in relation to the 
desired learning goals. However, this framework stops short of providing any 
practical advice as to how these elements are aligned with educational objectives and 
fundamentally put together to create gameplay experiences. 
Certain frameworks have made attempts to investigate how educational objectives 
can be aligned with the users cognitive ability and activities that they may do. The 
MAPLET framework aims to couple principles of curriculum alignment with an 
understanding of user skill and expertise development. The framework offers a 
conceptual understanding of the qualities of serious games, as well as providing a 
tool that can evaluate the learning and assessment potential of a serious game 
(Gosper & McNeill, 2012). The framework is based on three key concepts that are 
supported by existing research: the acquisition of intellectual skills required to solve 
problems, the development of expertise, and the constructive alignment of different 
elements in a curriculum. Within each key concept there are layered phases e.g.  the 
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acquisitions skills is thought to have three phases (early, intermediate and late). 
Ifenthaler & Gosper, (2014) have gone on to further link the six categories of 
cognitive processes found within the revised Blooms Taxonomy (Krathwohl, 2002). 
Ifenthaler & Gosper (2014) also point out that using the framework can identify if 
there is a misalignment of required cognitive processes with educational activities. 
This conceptual framework manifests itself as a six-step design process: 
“Step 1: Identify aims and outcomes and situate them in the appropriate phase of 
acquisition. 
Step 2: Identify the knowledge and skills to be developed and the learning processes 
involved. 
Step 3: Identify the level of expertise of students. 
Step 4: Identify the teaching methods, learning activities, technologies and 
resources. 
Step 5: Identify assessment strategies. 
Step 6: Check for alignment.” (Ifenthaler & Gosper, 2014, p6). 
A strength of the framework is that it takes steps towards extending the normal 
instructional design procedure of analysis, design, development, implementation and 
evaluation e.g. ADDIE (Dick & Carey, 2004). This is achieved by taking steps to 
understand learners and how their cognitive capabilities will align with the designed 
learning and assessment task. However, what isn’t as clear is how the MAPLET 
framework can be used to design the learning or assessment tasks themselves at an 
interaction level. 
The mapping of learning objectives to game elements during the design has is 
commonly based around Bloom’s revised taxonomy (Krathwohl, 2002) acting as a 
lens to see how different game elements can be viewed in regards to the cognitive 
processes that occur during gameplay (Sherry & Pacheco, 2006). However, there are 
other useful perspectives that highlight similarities between learning outcomes and 
types of gameplay as defined by genre (Dondi & Moretti, 2007; Shelton & Scoresby, 
2011; Sherry & Pacheco, 2006). 
The Learning Mechanic to Game Mechanic (LM-GM) framework (Arnab et 
al., 2014) aims to address this gap by mapping learning content elements to elements 
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within game mechanics. Applying this framework to the analysis of educational 
games helps to understand the relationship between learning objectives and 
gameplay, e.g. the overall goals and structure of a game. This is achieved by defining 
the learning mechanics (LM) that have been identified through an 
analysis/requirements phase of design, and then selecting game mechanics (GM) 
that, at a conceptual level, make sense to use to achieve the implementation of the 
learning mechanics. These conceptual choices of LM and GM can then be mapped to 
the typical interaction flow of a game (see Figure 9).  
 
Figure 9: LM-GM Framework (Arnab et al., 2014) 
 
A strength of this framework is that it makes steps towards aligning 
educational objectives with instructional techniques, and seeks to identify how those 
techniques can be manifested as high level activities or elements within a game. 
However, ambiguity remains in understanding how to design the core gameplay, 
defined as the moment-to-moment activity and decisions within the game, to meet 
learning objectives. With applied design in mind, further investigation and clarity are 
required to ensure the desired learning outcomes guide the core gameplay.  
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A weakness in all of these frameworks is the justification and reasoning behind 
the mapping of desired learning objectives to the designed gameplay in order to 
enable the player to reach those objectives. Some reviewed frameworks have made 
positive steps towards solving this design challenge, however none have really 
provided all the answers needed. This review of the literature (and that in Chapter 2) 
guided the development of the SGF described in the next section. The many different 
design processes from both the educational and serious games design fields informed 
the proposed Serious Gameplay Framework in this thesis. The SGF aims to support 
the many different processes during the development of a serious game.  
3.3 SERIOUS GAMEPLAY FRAMEWORK (SGF) 
The framework proposed in this thesis is a collection of resources that help a 
designer create serious games (see Figure 10). Acting as a foundational base, there is 
the conceptual understanding of learning, motivation and game design that is 
required as a base layer of knowledge (Chapter 2). This knowledge informs design 
processes that follow a game development life cycle. Within this lifecycle are design 
activities that guide designers during critical design milestones within a project.  
 
Figure 10: SGF Structure 
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3.3.1 Conceptual Understanding 
The conceptual understanding is based on the literature discussions in Chapter 
2. This understanding of how game design elements (the design of rules, challenge, 
difficulty, goals, feedback, choice and context) can be structured to focus on the user 
requirements, learning objectives, outcomes and pedagogical approach (behaviourist 
or constructivist). These game and learning elements can also lead to motivational 
outcomes, such as more intrinsically and extrinsically motivating experiences. Based 
on this bed of knowledge, the framework aims to guide design processes and 
activities during the development of serious games.  
3.3.2 Design Process & Activities 
The design process is a typical instructional or even software design model where an 
analysis is followed by a design phase (see  
Figure 11). The application is developed and then evaluated. Within the design 
process is a series of steps or design activities that have been coupled with the 
existing game, instructional design processes and theories. The contents within these 
activities have been customised and recreated to reflect the design knowledge 
developed as part of this PhD.  
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Figure 11: Serious Gameplay Framework (SGF) Design Processes 
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In particular the SGF aims to explore certain areas of the serious game 
development process that is in need of further research or where there is a clear gap 
(see Figure 12). The use of the SGF is discussed in the following sections of this 
thesis chapter. 
 
Figure 12: SGF Research Gaps in Literature 
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Analysis Phase 
The purpose of the analysis phase is to conduct a number of activities that 
gather all of the necessary data and information required to make informed design 
decisions in regards to the target audience, learning objectives, gameplay and 
mechanics. Outcomes from this phase will be documenting and demonstrating an 
understanding of the topic and user requirements. The learning objectives are also 
outlined at this point. 
Design Phase 
The purpose of the design phase is to consolidate the information gathered and 
refined in the analysis phase to form the general gameplay concept, and iterative 
design of the game system and features. This design phase should involve activities 
that design the core gameplay to match the learning objectives, develop the gameplay 
concept, and detail the blueprint (Game Design Documentation) that is used to guide 
the projects development. 
Development Phase 
The purpose of the development phase is to implement the design of the game 
system through iterative development cycles. During this time, the original design 
may also be altered by a stakeholder, user or developer feedback that emerges. The 
outcome of this phase will be working prototypes and milestone builds that are used 
for user testing and stakeholder demonstrations. The outcome is a polished, feature 
complete serious game.  
Evaluation Phase 
The purpose of the evaluation phase is to ensure the serious game is free from 
bugs or errors, and to determine if it delivers on the engagement and learning goals. 
This is achieved by running two different types of activities, the user test, and 
evaluation test. User tests are run during the development phase; however, the 
relationship and shared methods with the evaluation phase make it easier to describe 
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in this phase. Outcomes from these user tests are often reported system bugs, issues 
with gameplay or mechanics and alterations to the games design.  
Evaluation tests are used to determine if the game is both engaging and capable 
of facilitating learning or assessing a user. These tests are often run after a game is 
fully completed to ensure any reported findings are representative of the feature 
complete, bug-free version of the game. A variation of this method is to evaluate a 
vertical slice of a game, e.g. features complete, polished section of gameplay that 
could be representative of the rest of the game. 
In theory, these iterative phases all aim to guide developers along the path of 
designing serious games. The next section will discuss practical case studies of the 
SGF being used in multiple serious game design projects. These case studies 
demonstrate the purpose and reasoning behind the refinement of the SGF. 
3.4 RESEARCH DESIGN 
The purpose of this part of the research was to implement a process to iterate 
and improve the SGF. This process aimed to improve serious game design practices 
through iterative analysis, design, development and implementation through 
collaboration with the end user. Therefore, it was not only important to use and 
iterate the SGF individually, but to also analyse how others may come to use the 
framework by using case studies.  
Participants 
Five serious game design projects were conducted over the space of one year. 
Each project consisted of up to eight university undergraduate game design students 
working in a team to design a serious game and create a proof of concept prototype 
for an industry stakeholder (see Table 3). In total 25 participants were involved in 
these projects. Students who were interested in developing a serious game as an 
outcome of the course were invited to participate. The structure of this course 
required teams of students to design and develop a game prototype. The design work 
(documentation), process and final game prototype were assessed as a part of this 
course. All participants had already completed an introductory course in game design 
and at least one technical development course e.g. Programming or 3d art, 3d 
animation. Participation in the study involved attending additional serious game 
design workshops outside of the normal course requirements.  
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Table 3: Student Serious Game Project Groups 
Project SGF 
Version 
Participants Participants 
CABI 
Plant Doctor 
V1 8 P1,P2, P3, P4, 
P5, P6, P7, P8 
QPS 1 
Fiscal and the 
Fraud Fighters 
V2 4 P9, P10, P11, 
P12 
KHL 1 
Kids Help Lion 
V2 4 P13, P14, P15, 
P16 
KHL 2 
Kids Help Line 
Game 
V2 4 P17, P18, P19, 
P20 
Kyabra 
The Kyabra 
Project 
V3 4 P21, P22, P23, 
P24 
  Total = 25  
 
Materials 
Observations, field notes and samples of their produced content were taken for 
further analysis and reflection. An anonymous feedback method was introduced 
during the SGF Version 2 phase. This method allowed students to write down on 
three different types of post-it notes things they liked (green post-it note), things they 
didn’t like (red post-it notes) and things they would like in the future (yellow post-it 
notes). 
Participants also took part in multiple group discussions aimed at identifying 
usability issues from using the SGF. These discussions were semi-structured using 
questions that revolved around the usability of the SGF, as well as issues that could 
arise during the game development process. Example questions: 
“In relation to designing the educational game, you are working on:” 
•  “What difficulties have you faced in the last month?” 
• “What assistance or support do you feel like you should have had?” 
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• “What things were motivating you to work on this project over the last 
month?” 
• “What skills or knowledge do you think you needed to complete your 
tasks?” 
A total of three/four discussion sessions took place per group. Each session 
lasted approximately 1 hour. These discussions were evenly spaced throughout the 
duration of the serious games project. A final follow-up discussion was also held a 
week after the end of the project. It should be noted that the students involved in this 
study were working within the constraints of a university undergraduate game design 
course. Interview transcripts, anonymous feedback, observations and personal 
reflection note data were transcribed and entered into NVivo 10 for thematic coding. 
Thematic coding of the data consisted of categorising and labelling collected data to 
form themes that could be used to describe the data. Coding of the data followed a 
similar protocol found in (Creswell, 2012). Once the data was coded, filtered and 
reduced, key themes emerged.  
3.4.1 Case Study Outcomes 
Three case studies are described to provide insight into the projects conducted, 
and the strengths, weaknesses and iterations that occurred during the development of 
the SGF. Examples of the different serious games developed can be found in the 
Appendices. A summary of some of the serious games developed by the students and 
the author can be found below.  
3.4.1.1 Plant Doctor 
SGF V1 Participants 
Table 4:Student Serious Game Project Groups – SGFV1 
Project SGF 
Version 
Participants Participants 
CABI 
Plant Doctor 
V1 8 P1,P2, P3, P4, 
P5, P6, P7, P8 
SGF V1 Materials 
Table 5 lists the activities conducted during the CABI project. As the SGF was 
in its initial early stages, these activities were newly developed based on the 
literature discussed earlier in this chapter. 
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Table 5: Activities Used During CABI Project 
Analysis  
Workshop Serious Gameplay Framework (SGF) Overview V1 
Workshop Topic understanding Overview V1 
Activity Topic understanding research V1 
Activity End-User Interviews V1 
Activity Task Analysis V1 
Workshop Learning Objectives Overview V1 
Activity Learning objective construction V1 
Workshop Learning objectives to game challenges overview V1 
Activity Learning objective to game challenges V1 
Design  
Workshop Concept Pitch Overview V1 
Activity Concept Development V1 
Workshop Concept Pitch Presentation V1 
Workshop Design Revision V1 
Activity Design Document (Provided by existing course) V1 
Development  
Activity Prototype Development (Agile Methodology) V1 
Activity Internal Iterative Testing V1 
Evaluation  
Workshop Stakeholder Presentation V1 
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Serious Gameplay Framework (SGF) V1 Data Analysis and Theme 
Descriptions 
Based on the data collected the following themes emerged as being challenges 
during the design process for the participants. 
Visualisation: An important observation made regarded the need to visualise 
design decisions so that new ideas could be worked on. The learning objectives to 
CASE STUDY 1 
Stakeholder: CABI Game name: Plant Doctor Framework Version: V1 
Summary:  
The Plant Doctor game is a series of tablet mini games that are designed 
to reinforce a plant diagnostic process. The target audience is 
agricultural extension workers who provide support to farmers in rural 
Thailand. As part of their extension work, plant doctors diagnose sick 
plants for farmers and recommend control treatments to improve crop 
yields.  The purpose of the game was to complement the existing Plant 
Doctor Training delivered by CAB: Plantwise training team. The game 
was also designed to be a complementary training tool that could be 
played at home to develop and enhance their diagnostic skill set. 
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game challenges activity is aimed at creating a lot of ideas; however, failing to record 
these can lead to lost ideas and what some students referred to as “design hell”, i.e. 
unproductive thinking by going around and around in circles on the same ideas, e.g. 
“A lot of talk of other design ideas. However showing this evidence is not occurring, 
e.g. no diagrams of documents are being pulled out to show off these ideas. These 
seem to create a lot of ideas that are talked about again and again.” (3:00, 18/01/13 
Observer Comment) 
Structure and Guidance: It was always the initial intention that template 
documents would be required to guide parts of the design process. In reflection from 
the Plant Doctor group, it was noted that there was a definite need for a document 
template of Topic Understanding Activities to ensure details were recorded. The 
purpose for this is to record important design decisions. A secondary purpose is to 
instigate critical thinking of design issues by using questions to guide sections of the 
analysis document, e.g. what are the motivations of the user to learn this topic?  
An observation of some of the games designed was that many of their game 
ideas were hard to integrate into one another without taking on a mini-games 
structure, e.g. central hub connects many of the separate games under one narrative 
or context.  
Learning Objectives: The design of learning objectives was initially very 
foreign to the students. Design workshops on the construction of learning objectives 
were conducted, and iterations to the delivery of the workshop were made. Due to 
scoping issues and uncertainty with stakeholder expectations, the solidification of 
learning objectives did not always occur early on, e.g. the project stakeholder might 
have expected a game to cover many of the learning objectives that a traditional e-
learning package may include. Whilst student exhibited a degree of confidence when 
they talked about the learning objectives, come time to present these, there was 
hesitation (16_01_13 Workshop Observation). The team attempted to integrate many 
different types of gameplay just to cover all of the learning objectives, leaving the 
final game concept in design limbo for too long. In reflection, from the Plant Doctor 
game, it was noted that the learning objectives were finalised far too late, delaying 
the design of the game for too long. 
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Fiscal and the Fraud Fighters 
SGFV2 Participants 
Table 6: Student Serious Game Project Group - SGFV2 
Project SGF 
Version 
Participants Participants 
QPS 1 
Fiscal and the 
Fraud Fighters 
V2 4 P9, P10, P11, 
P12 
SGF V2 Materials 
Table 7 lists the activities that were modified during the Queensland Police 
Service  (QPS) project. These activities were developed based on lessons learned 
from the previous student projects and from the literature discussed earlier in this 
chapter. 
Table 7: Activities Used During QPS Project 
Analysis  
Activity Topic Understanding Document V2 
Activity Subject Mater Expert (SME) Interviews V2 
Workshop Learning Theory Overview V2 
Design  
Development  
Workshop Playtest Materials Overview V2 
Activity Playtest Protocol V2 
Evaluation  
Workshop Stakeholder Presentation V2 
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Procedure 
 
CASE STUDY 2 
Stakeholder: Queensland Police Service (QPS) Game name: Fiscal and the 
Fraud Fighters Framework Version: V2 
Summary:  
Fiscal and the Fraud Fighters is a light-hearted educational children’s game 
created with the goal of educating players on the issues of fraud and online 
safety. The point and click web-game allows children aged between eight 
and twelve to play as a fraud detective. The player’s goal is to seek out 
fraudulent behaviour of the Fraud Organized Crime Syndicate (FOCS), and 
eliminate it. The player is joined by Queensland Police’s previously 
established character, Fiscal, whose specialty in fraud fighting makes him 
the perfect companion. Fiscal offers advice, story progression and hints to 
the player throughout the course of the game. 
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Serious Gameplay Framework (SGF) V2: Data Analysis and Theme 
Descriptions 
Based on the data collected the following themes emerged as being challenges 
during the design process for the participants. 
Stakeholder Interaction and Feedback: The anonymous feedback collected 
during the SGF V2 phase revealed students found interaction with the stakeholder 
and the feedback received was very useful (09_08_13 Anonymous Feedback, 
25_10_13 Anonymous Feedback). While V1 version of the SGF did support some 
iterations with the stakeholder, further opportunities to interact with stakeholders 
were added in later versions for the SGF (concept review workshops with the 
stakeholders were introduced after the implementation of the SGF version 1).  
Learning Objectives: Two guided sessions were devoted to first developing 
learning objectives, and then working on conceptually linking them to ideas for game 
mechanics and gameplay. The following observations were made:  
- All groups were able to create learning objectives for their context and then 
immediately game ideas were emerging by thinking of the cognitive processes 
the player will be doing to achieve the learning objective (16_08_13 Workshop 
Observation). 
- One of the groups was going to base their game on fighting fraud with lots of 
little mini games. There may be a need to explain that there is no need to try and 
embed all the learning objectives into the game. Rather there should be a focus 
on one or two learning objectives that make a big impact and can be integrated 
well with fun game mechanics (16_08_13 Workshop Observation). 
- There is a need to create a list of game mechanics that involve different 
cognitive processes (16_08_13 Workshop Observation). 
The participants didn’t seem to struggle too much with identifying user needs or 
developing learning objectives. It was the process of linking learning objectives to 
game mechanics and gameplay that seemed to be the main design challenge.  
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3.4.1.2 Kyabra  
Participants 
Table 8: Student Serious Game Project Group - SGFV3 
Project SGF 
Version 
Participants Participants 
Kyabra 
The Kyabra 
Project 
V3 4 P21, P22, P23, 
P24 
  Total = 25  
 
Materials 
Table 9 lists the activities that were modified during the Kyabra project. These 
activities were developed based on the lessons learned from the previous student 
projects and literature discussed earlier in this chapter. 
Table 9: Activities Used During Kyabra Project 
Analysis  
Workshop Learning Objectives Overview V2 
Activity Learning Objective construction V2 
Workshop Learning Objective to Core-Gameplay Overview V1 
Activity Learning Objective to Core-Gameplay ToolV1 
Design  
Development  
Evaluation  
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Serious Gameplay Framework (SGF) V3: Data Analysis and Theme 
Descriptions  
Based on the data collected the following themes emerged as being challenges 
during the design process for the participants. 
CASE STUDY 2 
Stakeholder: Kyabra   Game name: The Kyabra Project Framework 
Version: V3 
Summary:  
Kyabra is a government funded organisation who provide tenancy support 
and advice to individuals in need, e.g. advice on dealing with late rent 
payments or damage to a rental property. However currently, this support 
requires a lot of manpower to address individual issues on a case-by-case 
basis. Kyabra looked to other forms of knowledge distribution, such as 
online self-help videos and serious games. The Kyabra serious game project 
was an educational mobile application that aims to complement the existing 
tenancy support and assistance methods.  It is a simple, yet engaging 
application that allows users to solve their problem in a timely, fun and 
informative manner that also provides a great learning experience.  The user 
is faced with a tenancy issue, e.g. late rent payment. Players can make 
decisions on how they might handle a situation. Decisions the player makes 
will lead to a good, bad or neutral ending depending on their choices.  Each 
ending will provide them with information on how to solve their problem or 
offer them advice on where they can go for more help. 
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Structure and Guidance: Some students found the inquiry-based approach in 
the topic understanding document useful, as it asked direct questions that could yield 
a specific response, e.g. “You are being asked directed questions that you can think 
of a specific response. But you are not over thinking that response as you answer 
further questions.” (24_07_14 Kyabra Follow up Interview, 1:57). 
During the workshops, clarification was sometimes still required from the 
workshop coordinator in regards to answering ambiguously worded questions in the 
topic understanding document, e.g.  “If you were not there it probably just wouldn't 
work.” (24_07_14 Kyabra Follow up Interview, 5:42).    
Students noted that while the templates and tools were useful, guidance and 
feedback during workshop sessions were vital, e.g. using the framework on your own 
would be a very difficult task.  
Narrative: Students felt that not having a story constrain the design of the 
gameplay helped things to be less complicated. “If you start with story you have got 
nothing.” (24_07_14 Kyabra Follow up Interview, 9:53). They felt that detaching the 
story from the initial design was a lot easier than starting with a story and trying to 
find gameplay to suit, “If you had us start with a character and he lives here, then that 
would have put us in a bit of a box. So not having that box just helped. And like 
(Participant) said, we can put in that box later if we want.” (24_07_14 Kyabra 
Follow up Interview, 10:36).  
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3.4.2 Discussion: 
The purpose of this research was to explore how others might find the usability 
of the SGF and to identify where there may be design process gaps to fill. Multiple 
serious game development projects were observed using qualitative methods. The 
results of this research found strengths, weaknesses, and gaps in the SGF. The 
feedback gained lead to iterations of the framework, e.g. changes or additions to the 
workshop, documents and tools. Using the templates and tools did assist users in 
designing serious games. However, there were notable issues with the SGF, which 
require further iteration and investigation.  
Visualisation: An important outcome of this exploration was the need for 
recording and communicating design decisions. The importance of this was to keep a 
record of design decisions and to avoid “design hell”, e.g. unproductive thinking by 
going around and around in circles on the same ideas. Strategies to address this 
progressed through the different versions of the SGF. More user-friendly template 
documents were put in place after SGF version 1 to encourage the recording of 
design ideas. Another visualisation issue raised was the possible ambiguity felt when 
first starting the design process, e.g. Where is this going? Why am I recording this? 
To address this issue, the SGF now includes helpful suggestions and examples. 
When utilising the design tools, visualising or showing examples of existing projects 
may help to demonstrate what the outcomes look like at the end of a design process, 
e.g. showing examples of existing projects. 
Structure and Guidance: As more reliance was put on the use of templates 
and tools, more refinement of the quality, structure, and guidance was required. 
Students started to adapt and change the structure of some of the design documents 
to better suit their project needs. The SGF is aimed at novice serious game 
developers and is expected to be moulded to their needs. An important consideration 
that is now communicated in the SGF templates and tools is the degree of flexibility 
designers may have.  
A technique that was commonly utilised during some of the later versions of 
the SGF was an emphasis on role-play, cognitive walkthroughs i.e. stepping through 
the designed interaction process using paper prototypes from the perspective of the 
end user. Students did find these activities useful in identifying interaction and 
knowledge gaps. At various stages in the SGF, the emphasis was put on performing 
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these activities to achieve the full potential of the design process. The use of design 
questions to guide the completion of the template documents did lead to some 
confusion and ambiguity. These questions were revised based on the feedback and 
comments.  
Activities: The most significant issue was found from the use of the Game 
Challenges to Learning Objectives Workshop (Activity). The first version of the SGF 
proposed that game design challenges (Adams, 2013) could be broken down into the 
cognitive processes associated with Bloom’s taxonomy (Krathwohl, 2002). The aim 
was to match the processes found in the game challenges with the processes 
described in the learning objectives. This would then justify the choice of game 
challenges based on the desired learning objective. The output of this was a series of 
game challenges (worded in the form of scenarios) linked to learning objectives. 
These challenges were then sorted into similar themes that could potentially be 
sequenced. However, the result of this approach lead to fragmentation of design 
ideas that were difficult to condense into a single gameplay experience. Another 
issue could be seen in the creative leaps required to link challenges with learning 
objectives. The primary outcome from this part of the research was the need for 
further investigation into the main gameplay design so that it could match the desired 
learning objectives. 
Narrative: Students initially found it was useful to separate the gameplay from 
the narrative. Once the gameplay was solidified, the narrative seemed to emerge 
naturally based on the constraints of the gameplay. The SGF supports the design, 
narrative and context during the concept development and design document phase. 
These activities occur after the learning objectives and core gameplay have been 
defined. 
Learning Objectives: It was predicted that the students would require 
assistance constructing the learning objectives. The SGF aimed to support this by 
running learning objective workshops based on the revised Taxonomy of Educational 
Objectives (Krathwohl, 2002). The use of Bloom’s taxonomy lead to a feeling that 
lots of little learning objectives needed to be defined in order to effectively cover 
many of the cognitive process dimensions. This lead to a lot of time being spent 
trying to refine the objectives and delayed the student's ability to solidify their design 
ideas. This resulted in some lack of confidence  
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These learning objective activities were iteratively improved during the 
different versions of the SGF. However, their design remained a difficult task for the 
students to perform. To address this issue, a slightly different approach to the 
construction of learning objectives has been included in the SGF. This approach 
follows techniques defined by Mager (1997), whereby the performance, condition 
and criterion form the building blocks of the learning objective.  
Affect of Stakeholder Interaction and Feedback: Opportunities for 
stakeholder feedback and communication was always planned in the first versions of 
the SGF. However, the importance of this communication to developers was not 
expected. The reported confidence felt by the students highlighted the need for 
further stakeholder interaction opportunities outside of the typical milestone 
deliverables, such as a concept pitch. Each activity has been designed to produce 
outcomes and outputs that could create opportunities for the stakeholder to become 
more informed/invested in the project and to provide valuable feedback. 
3.4.3 SGF Evolution  
The SGF went through a number of iterations based on the observations and 
feedback of students using it. Based on the lessons learnt and feedback received from 
students using the SGF, all existing design activities have been revised, and some 
new additions have been made. The purpose of these design activities is to provide 
serious game developers with a structure to frame critical design issues that will 
ultimately impact the learning and motivational outcomes of the game. All activities 
come with some form of workshops, discussion, template documents, protocol or 
tool to guide the activity.  
It should be noted that the SGF as a whole (conceptual model, activities and 
processes) is aimed to be used as a guide that could be manipulated or moulded into 
the existing knowledge of its user, e.g. the understanding of self-determination 
theory could be replaced by the framework users favourite theory of motivation, such 
as Keller’s ARCs model.  
Table 10 outlines the progression of the changes made during the four distinct 
phases. Versions 1, 2, and 3 occurred while the student groups used the SGF. 
Version 4 demonstrates how the SGF has evolved to the state it is in now. 
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Table 10: Framework Iterations 
 Version 1 Version 2 Version 3 Version 4 
Analysis  
Workshop Serious 
Gameplay 
Framework 
(SGF) 
Overview V1 
~ ~ 
 
Serious 
Gameplay 
Framework 
(SGF) 
Overview V2 
Workshop Topic 
understanding 
Overview V1 
~ ~ Topic 
understanding 
Overview V2 
Activity Topic 
understanding 
research V1 
 ~ ~ * (topic 
Understanding 
Document V2) 
Activity  Topic 
Understanding 
Document V1 
~ Topic 
Understanding  
Document V2 
Activity End-User 
Interviews V1 
Subject Mater 
Expert (SME) 
Interviews V1 
~ Field Trip 
Guide V1 
Activity Task Analysis 
V1 
~ ~ * (Field Trip 
Guide V1) 
Design  
Workshop  Learning Theory 
Overview V1 
~ Learning 
Objective to 
Core 
Gameplay 
Workshop V1 
Workshop Learning 
Objectives 
Overview V1 
 
~ Learning 
Objectives 
Overview V2 
* (Learning 
Objective to 
Core 
Gameplay 
Workshop V1) 
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Activity Learning 
objective to 
game 
challenges V1 
~ Learning 
Objective to 
Core-
Gameplay 
ToolV1 
Serious Core-
Gameplay 
Tool V1 
Workshop Concept Pitch 
Overview V1 
~ ~ Concept Pitch 
Overview V2 
Activity Concept 
Development 
V1 
~ ~ * (Concept 
Pitch 
Overview V2) 
Workshop Concept Pitch 
Presentation V1 
~ ~ Concept Pitch 
Presentation 
V2 
Workshop Design 
Revision V1 
~ ~ Design 
Document 
Workshop V1 
Activity Design 
Document 
(Provided by 
existing course) 
V1 
~ ~ Serious Game 
Design 
Document V2 
Development  
Activity Prototype 
Development 
(Agile 
Methodology) 
V1 
~  Iterative 
Development 
Milestone 
Workshop V1 
Evaluation  
Workshop  Playtest 
Materials 
Overview V1 
~ User Test Pack 
V1 
Activity Internal 
Iterative 
Playtest Protocol 
V1 
~ * (User Test 
Pack V1)  
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Testing V1 
Workshop Stakeholder 
Presentation V1 
~ ~ * (User Test 
Pack V1) 
    * (User Test 
Pack V1) 
    * (User Test 
Pack V1) 
Serious Gameplay Framework Change List 
~ = Did not change from previous iteration 
  * = Was merged into another activity 
 
3.4.4 The Serious Game Design Activities 
The following section summarises the design activity packs found in the 
Appendices of this thesis. Each pack represents a stage in the serious game 
development process, i.e. Analysis (see Appendix A), Design (see Appendix B), 
Development (see Appendix C), and Evaluation (see Appendix D). Each pack 
contains a series of design activities (workshop guides, template documents and 
tools) relating to that stage of the design. The following sections will give an 
overview of each pack and its contents by describing the aims, tools used, and 
outcomes and outputs that could be expected at the completion of each activity. All 
of the packs have a corresponding section with greater detail in the associated 
Appendices. 
3.4.4.1 Analysis Pack (Appendix A) 
The purpose of the analysis pack is to guide the analysis phase of the serious 
game project through the many stages and activities. Users of the pack can spend 
time going through the Topic Understanding Document and attempting to answer the 
questions in the document and fill in the information required. Introducing the 
Analysis Pack can be completed in an introductory workshop with other developers 
on the team. Any questions that can’t immediately be filled in should be researched 
over the proceeding days. Stakeholder interaction after the overview activity is often 
required to gather answers to important analysis questions.  
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Further detail of the following design activities can be in the appendices (see 
Appendix A). 
- Serious Gameplay Framework (SGF) Overview  
- Topic Understanding Overview  
- Topic Understanding Document  
- Field Trip Guide  
- Logistics, Scheduling and Permissions Guide 
- Task Observation Guide 
- Interview Guide 
- Demographic Questions 
3.4.4.2 Design Pack (Appendix B) 
The purpose of the design pack is to guide the game design phase of the serious 
game project through the many stages and activities. Users of the pack can spend 
time going through the process of mapping learning objectives to core gameplay 
using the Serious Core Gameplay Tool (SCGT), formulating that core gameplay into 
a cohesive game concept and then documenting the in-depth details of the serious 
game in the design document.  
Further detail of the following design activities can be in the appendices (see 
Appendix B). 
- Learning Objectives to Core-Gameplay  
- Serious Core-Gameplay Tool (SCGT)  
- Concept Development:  
- Concept Pitch Presentation:  
- Concept Pitch Sell Sheet 
- Design Documentation:  
- Serious Game Design Document 
3.4.4.3 Development Pack (Appendix C) 
The purpose of the development pack is to guide a partial section of the game 
development phase of the serious game project through the many stages and 
activities. The pack primarily guides the structures of how to run workshops with 
project stakeholders to gain iterative feedback throughout the life of the project.  
Further detail of the following design activities can be in the appendices (see 
Appendix C). 
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- Iterative Development Milestones 
3.4.4.4 Evaluation Pack (Appendix D) 
The purpose of the evaluation pack is to guide a partial section of the game 
evaluation phase of the serious game project through the many stages and activities. 
The pack primarily guides the structures of how to run both usability and evaluation 
activities that determine the effectiveness and quality of the serious game.  
Further detail of the following design activities can be in the appendices (see 
Appendix D). 
- Iterative User Test 
- Evaluation Test: 
3.5 CONCLUSION 
Serious game design frameworks have sought to couple the best practices from 
both instructional and games design into the one process; however, design gaps 
remain in terms of providing practical guidance to developers during the serious 
game development process. This chapter set out to answer the following research 
question: “What guidance is required during the development of a serious game?”. 
This chapter addressed this question by proposing the Serious Gameplay Framework. 
This framework learns from different design processes and uses the conceptual 
models developed in Chapter 2 as a basis for understanding motivation, learning and 
game design.  
This chapter first discussed some of the background literature around existing 
serious game design frameworks. A new design process was then proposed based on 
the outlined literature, and encapsulating the motivational, learning and design 
qualities outlined in Chapter 2. The SGF design activity guides were the primary 
method used to support the design process. A process of iteratively developing the 
SGF was achieved by observing others using it. Multiple university undergraduate 
game design projects used various versions of the SGF to develop a serious game. 
The protocols and templates used in the SGF were iterated on during this time to 
improve the usability relevance of the framework.  
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The practical outputs that resulted from this chapter stem from the activities 
and tools included in the SGF. These activities include design workshops, document 
templates, investigative protocols and design tools. The SGF can be followed and 
manipulated to fit serious game developers own understanding and methods of game 
development. Many of the activities were subject to iteration and improvement based 
on feedback. A limitation to the outcomes of this work was the existing game design 
skill of the participants. Upon reflection, a desired alternative approach would have 
been to observe advanced/expert game designers using the framework. This could 
ensure expert knowledge becomes embedded within the outcomes and iteration of 
the framework. Due to the logistical nature of organising professionals to participate 
in a probing study would have been beyond the scope of the thesis. However, with 
enough planning this could be achieved in future research.  
One activity that needed a significant amount of work was the task of turning 
learning objectives into gameplay. This activity is the subject of the next chapter, 
whereby a solution/tool is proposed that can assist with this task. 
 
 
 Chapter 4: Designing Core Gameplay 81 
Chapter 4: Designing Core Gameplay 
4.1 INTRODUCTION 
Designing serious games is a complex and challenging endeavour, as was 
observed from the student groups in Chapter 3. The challenge comes from 
performing the right activities during the development process. It also comes from 
ensuring the outcomes from these activities result in gameplay that balances the 
engagement learning outcomes (Watson, 2007). Failure to find this balance can result 
in a game becoming “chocolate-dipped broccoli” (Bruckman, 1999), e.g. forcing the 
integration of educational tasks with game design in the hope that it can be 
awkwardly melded into an engaging experience.  
There are a number of educational game design frameworks that can assist with 
the development of educational games (Amory, 2006; Chamberlin et al., 2012; 
Gosper & McNeill, 2012; Tang & Hanneghan, 2010). These frameworks offer 
various guidelines and structured processes to ensure developers make informed 
pedagogical decisions when creating educational games. While these frameworks are 
useful in guiding the entire game design and development cycle, a common gap 
exists with respect to the translation of high-level criteria into practical game design 
elements. A gap appears in the design of gameplay. This gap also appeared whilst 
working with students groups developing serious games using the Serious Gameplay 
Framework. Clearly a design activity or tool is required that aims to couple learning 
objectives with gameplay. Gameplay can be defined as the challenges faced and 
actions performed to achieve the goals of a game (Adams, 2013). More specifically, 
the issue resides within the design of core-gameplay, e.g. the moment-to-moment 
activity that is the core of player interaction. The core gameplay should align with 
the learning content to ensure maximal learning and engagement (Habgood & 
Ainsworth, 2011). However, there seems to be no clear guidance on how to 
systematically approach and produce good design decisions for the purposes of 
learning. There are some frameworks that have provided useful matrices designed to 
highlight similarities between learning outcomes and types of gameplay (Arnab et 
al., 2014; Dondi & Moretti, 2007; Gosper & McNeill, 2012; Sherry & Pacheco, 
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2006). However, these frameworks remain ambiguous as to how the moment to 
moment activity (core gameplay) is intentionally, systematically and methodically 
designed to meet the learning objective. This chapter aims to address an important 
question: “How can learning objectives be mapped to core gameplay?”. 
The previous chapter outlined a holistic design process whereby a number of 
activities fit into analysis, design, development and evaluation phases. The solution 
to the research question in this chapter is an activity that fits within the design phase. 
This design activity is guided by a design tool known as the Serious Core Gameplay 
Tool (SCGT). The SCGT offers designers a way to identify authentic task-based 
competencies that are synthesised and embedded in key instructional objectives 
within core-gameplay, e.g. identifying instructional objectives that can be 
transformed into interesting choices and engaging interaction sequences. The 
potential of educational games is in their ability to illustrate educational content and 
harness motivational characteristics of the player.  
This chapter is a design exploration grounded in the field of game design, 
education and human-computer interaction. Techniques for designing core gameplay 
are outlined, and details are provided on the process that links core gameplay 
interactivity to specific instructional objectives. The design features of a serious 
game that was developed as part of this thesis is also outlined. 
The resultant core gameplay tool is presented in the context of a small section 
of gameplay from a serious game. The design tool aims to bring clarity to the process 
of identifying and melding game activities that align with desired learning outcomes 
for the player. In turn, it is intended that this knowledge will contribute to the wider 
educational games industry in their desire to build effective and engaging serious 
games.  
4.2 CORE-GAMEPLAY AND INTERACTION MODELS  
Gameplay fundamentally consists of two components: the challenges that a 
player must face arriving at the objective of the game, and the action that the player 
is permitted to take to address these challenges (Adams, 2013). There is a close 
relationship between the gameplay within the game and its core mechanics. The core 
mechanics being the “data and algorithms that precisely define the games central 
rules and internal operations” (Adams, 2013).  
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Interpretations of the precise nature of game mechanics vary across the 
academic and game design literature (Adams, 2013; Arnab et al., 2014; Lundgren & 
Björk, 2003; Sicart, 2008). Sicart (2008) discussed different types of game 
mechanics, such as core, primary and secondary mechanics. The core mechanics can 
often be the combination of various activities that are repeatedly used to progress 
towards a rewarding end state. The experience that emerges from regularly 
interacting with the core mechanics is viewed as core gameplay.  
Understanding the interaction loop that occurs during the moment-to-moment 
experiences of the game is required to design core-gameplay. A common framework 
for dissecting interaction into stages is Norman’s Seven Stages of Action (Norman, 
2013). The cycle can be used to understand the stages that occur leading up to the 
execution of an action (feed forward) and the impact of the action (feedback) 
(Norman, 2013). An important way to use stages of action as design aids can be to 
base questions around each step in the interaction cycle: 
•  “What do I want to accomplish?” (Goal) 
•  “What can I do?” (Specify) 
•  “What happened?” (Perceive)  (Norman, 2013).  
The answers to questions such as these can provide a useful insight into how to 
design activities to meet predefined principles and guidelines, e.g. Norman’s Seven 
Fundamental Design Principles of discoverability, feedback, conceptual model, 
affordances, signifiers, mapping, and constraints (Norman, 2013). It is important to 
note that within Norman’s Seven Stages of Action there may be numerous sequences 
of an interaction loop that occur before the original goal is met. In the context of a 
game example, a player may start by heading towards their goal of saving the 
princess, which can be achieved through the gameplay by defeating enemies and 
leaping gaps. However, it is not until a deep understanding of core gameplay is 
explained (e.g., jumping on top of enemies to kill them) that the Seven Stages of 
Action become an invaluable tool when explaining what the player needs to do, what 
they have done, and how the system should respond. 
It is important to understand that more than one core-gameplay interaction may 
occur in parallel, or sequentially. It is during these moments that higher order 
cognitive processes may be facilitated, such as analysis or evaluation (Krathwohl, 
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2002). For example, identifying (pointing out) threats may transition into evaluative 
interactions (triaging threats) by attending to them in order of severity. 
While the Seven Stages of Action can help to understand the moment-to-
moment interaction, the aim of this thesis was to develop a game design process. 
This design process aids the merging of core gameplay and learning objectives into 
an interaction cycle. The elements used within this design process are based around 
the same interaction cycle found in the Seven Stages of Action; however, the 
language used speaks more clearly to the design of learning objectives and core 
gameplay. The cycle used to guide decision making within a serious game context is 
outlined in Figure 13: Serious Core Gamepay Cycle. The cycle outlines the 
relationship and cyclic nature of the design elements and how they alter the 
knowledge and skill of the user. This serious core gameplay cycle focuses on 
designing the elements of goals, choice, action, rules, and feedback with specific 
learning objectives in mind. These essential elements of gameplay, game mechanics 
and the interaction cycle can be manipulated by designers to form core gameplay.  
 
Figure 13: Serious Core Gamepay Cycle 
 
The Serious Core Gameplay Cycle works on the basis that players are 
presented with a goal, which involves a choice to be acted upon in order to progress 
towards their objective. Based on the player’s previous knowledge and skill, the 
player determines the correct action to take and performs it. That action is evaluated 
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by the system’s rules, and feedback is then sent back to the player. The player then 
interprets the feedback and potentially learns to adjust any further decisions made 
when presented with similar choices. The design of these qualities will determine if 
the player can utilise this new knowledge beyond the game-based situation. 
4.3 SERIOUS CORE GAMEPLAY IN USE 
The usable representation of the Serious Core Gameplay Cycle is structured 
around an open inquiry process where learning objectives, interaction design and 
gameplay questions are used to drive the design. These questions are aimed at 
investigating the desired outcome of performing a task at a level of competency. The 
answers then form the building blocks of the goals, choices, actions, rules and 
feedback. A design tool, the SCGT (see Figure 14) has been developed to guide 
developers in the creation of Serious Core Gameplay. The following section outlines 
how this design cycle was used to map one instructional objective to the core 
gameplay. The answers to these questions can then be used as building blocks to 
form the core gameplay. Design challenges related to mapping learning to game 
elements becomes apparent once the relationships between the instructional objective 
and core gameplay are broken down.  
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Figure 14: Serious Core-Gameplay Tool (SCGT) with Design Questions 
 
Goal 
G1: What performance should I be able to achieve? (Mager, 1997) 
 
Feedback 
F3: How will it affect future 
choices? (Norman, 2013; Salen & 
Zimmerman, 2004) 
 
F2: How do I know I made the 
correct/incorrect choice? 
(Norman, 2013; Salen & 
Zimmerman, 2004) 
 
F1: What is the result/new state of 
the environment once the choice 
and actions are made? (Norman, 
2013; Salen & Zimmerman, 
Choice 
CH1: What can I do and what are 
my alternatives? (Norman, 2013) 
CH2: How is the possibility of 
choice conveyed? (Norman, 
2013; Salen & Zimmerman, 
2004) 
Actions 
A1: What series of actions 
(verbs) will indicate I am making 
a choice? (Adams, 2013; 
Norman, 2013; Salen & 
Zimmerman, 2004)  
Rules 
R1: (speed) How quickly do I need to make my choice and perform the 
actions to achieve my desired goal? (Mager, 1997)  
R2: (Accuracy) What degree or level or precision do I have to demonstrate 
to achieve my desired goal? (Mager, 1997)  
R3: (Quality) What standards/criteria do I have to meet whilst I perform 
the actions to achieve my desired goal? (Mager, 1997)  
R4: (Conditions) In what conditions will my performance occur? (Mager, 
1997) 
R5: (Constraints) What can/cannot I use whilst making a choice and 
performing the actions? (Mager, 1997) 
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4.3.1 Serious Core Gameplay Elements 
The design elements discussed in Chapter 2 have been revisited in light of the 
shift in understanding how to analyse games for their pedagogical intent to how they 
can be designed. Table 11 demonstrates the changes were made. 
Table 11: Iteration of the SCGT 
Before SGF used 
by Students in 
Chapter 3 
Goals Choice Challenge Rules Feedback Context 
 
After SGF used by 
Students in 
Chapter 3 
Goals Choice Action Rules Feedback  
 
As a result of developing an activity to guide the mapping of learning 
objectives to gameplay, challenge was re-defined as a part of action and rules, e.g. 
actions (skill) and rules (stress) makeup the perceived challenge of a game (Adams, 
2010). The element of context was dropped from the core gameplay design tool. The 
rationale behind this decision was to separate the context, narrative and theme from 
the core (abstract) interaction experience so that it did not bias the design decisions 
to be made, e.g. choosing actions oriented around flying a spaceship could be biased 
by an early decision to make the context, narrative or theme around fighting aliens in 
space. It is intended that design decisions based on context come after the core 
gameplay has been defined. This could be seen as a bottom-up approach to game 
design where rules and mechanics are created before fantasy and narrative (See 
Figure 15) (Lopes & Rafael, 2007). 
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Figure 15: Bottom-Up Approach (Lopes & Rafael, 2007) 
 
The following sections outline how the revised design elements can be used 
within an inquiry process to identify the specific core gameplay experience that 
should be the focus of a serious game. This is performed in order to achieve the 
desired motivational and learning outcomes. 
Goals 
A core-gameplay goal can be guided by the instructional objective developed. 
An instructional objective during gameplay can be described as the way in which a 
player interacts with the game to demonstrate a competent level of knowledge or 
skill. This demonstration of knowledge or skill is displayed by interacting with the 
core gameplay. If players do not currently have the knowledge or skill to perform the 
task at the expected competency level, then they can be supported through 
instructional techniques separate to the game. Alternatively, the game task 
complexity could be incrementally developed using feedback during the various 
gameplay cycles. For example, when first interacting with the core gameplay, the 
player may need to be guided using supportive feedback to determine the 
mechanisms of the core gameplay. This feedback is often seen as a tutorial that 
explicitly outlines how the player can perform actions in the game. Strategies to 
overcome challenges may also be presented during this time. Therefore, if the core 
gameplay is a mirror of instructional objectives, then the player will inadvertently 
learn the knowledge and skills required to overcome the games challenges. Through 
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various progressive iterations of the core gameplay, feedback and support can be 
reduced to allow the player’s knowledge and skills to be tested to the point where 
they are matching the expected level of competency.  
The model builds on this understanding of goals and specifies a question to be 
asked as a first step in the learning objective design process:  
G1: What performance should I be able to achieve? (Mager, 1997).  
This question allows the game designer to articulate the instructional objective 
clearly within a particular game context. The answer to this question will outline 
what the learner should be able to do competently by the end of the game.  
Choice 
Choice is an integral cognitive process that occurs during the lead up to 
performing a task. During the planning and specifying stages of Norman’s Seven 
Stages of Action (Norman, 2013) it is important to identify what alternatives are 
available when deciding to perform a task. Salen & Zimmerman (2004) also 
discussed the anatomy of a choice utilising five fundamental questions: 
1) What happened before the player was given the choice? 
2) How is the possibility of choice conveyed to the player? 
3) How did the player make the choice? 
4) What is the result of the choice? How will it affect future choices? 
5) How is the result of the choice conveyed to the player? 
Of these five, the question of “How is the possibility of choice conveyed to the 
player?” fits within the choice component of the SCGT in this thesis, as it refers to 
the actual choice rather than the actions, or feedback relating to the choice. 
While discussing the components that form the absolute difficulty of a 
challenge/task, Adams (2013) identified that the intrinsic skill is an essential 
component that when combined with stress, creates a level of difficulty. Intrinsic 
skill is the “level of skill needed to surmount the challenge if you give the player an 
unlimited amount of time in which to do it” (Adams, 2013). This level of skill can be 
seen as the amount of mental or physical effort required to perform a task. The 
amount of physical effort in digital games is relatively low, and the amount of 
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cognitive effort is relatively high. This cognitive effort can be viewed as the 
difficulty in determining the most acceptable option amongst the different task states 
and associated options (Sweller, 2010). Therefore, it is important to choose an 
instructional objective that can offer the player an adequate number of interesting 
and meaningful choices that are deserving of their effort. 
Based on this understanding of choice two questions are included in the model:  
CH1: What can I do and what are my alternatives? (Norman, 2013)  
CH2: How is the possibility of choice conveyed? (Salen & Zimmerman, 2004)   
The answers to these questions will outline the choices and the way in which 
choices are presented to the player.  
Action 
Within the Seven Stages of Action (Norman, 2013) the result of enacting a 
choice occurs during the “perform” stage. The question of “How do I do it?” can aid 
in detailing exactly how the user will interact with the system. How the user will “do 
it” may be either an individual action or a series of actions. From the perspective of 
core gameplay, this observation is the detection of player actions by the system after 
a choice has been presented. Adams (2013) recommended that verbs be used to 
reflect what the player does. These actions may not always map exactly to how they 
might appear in a real situations. Therefore, it is important when choosing actions 
that they conform to usability principles, such as those found in Norman’s Seven 
Fundamental Design Principles (Norman, 2013), so that they will remain intuitive 
and easy to use.  
Based on this understanding of action a question to ask during the design 
process has been incorporated into the serious core gameplay cycle:  
A1: What series of actions (verbs) will indicate I am making a choice? (Adams, 
2013; Mager, 1997; Norman, 2013)  
The answer to this question should be a series of verbs/steps that outline the 
player’s interaction with the games interface. 
Rules 
The rules in the tool are used as an evaluative method to ascertain the 
performance level during core gameplay. The learning objectives outline the various 
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elements that make up the “criterion”, e.g. the level someone has to reach to be 
considered competent (Mager, 1997). These elements consist of the speed, accuracy 
and quality of the performed task and relate very closely to the elements that make 
up difficulty in games. Adams (2013) identified intrinsic skill and stress (time 
pressure) as qualities that determine the amount of effort required in overcoming the 
challenge. It is also important to outline the conditions and constraints under which 
the learner must perform the task, e.g. what are the things they can/cannot use and 
what setting or physical environment does the performance need to be in (Mager, 
1997). 
There will be other game mechanics that also have rules; however, the primary 
focus is on the core-gameplay and the related core-mechanics/rule systems that go 
with it. It is important to ask questions that identify the rules that govern if a learner 
is competent enough to overcome the designed gameplay.  
Based on this understanding of rules, five questions to consider during the 
design process have been included in the SCGT:  
• R1: (Speed) How quickly do I need to make my choice and perform the 
actions to achieve my desired goal?  
• R2: (Accuracy) What degree or level of precision do I have to 
demonstrate to achieve my desired goal?  
• R3: (Quality) What standards/criteria do I have to meet while I perform 
the actions to achieve my desired goal?  
• R4: (Conditions) In what conditions will my performance occur?  
• R5: (Constraints) What can/cannot I use while making a choice 
performing the actions? (Mager, 1997) 
The answers to these questions will outline the criterion, conditions and 
constraints that will set the standard level of competency. Whilst the core gameplay 
is being used to build up knowledge and skill, it is expected that this criterion level 
will start lower and build up as the player progresses, until they reach the standard 
outlined in the instructional objective.  
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Feedback 
While Mager’s (1997) learning objective structure does not identify how to 
construct feedback, it plays a critical role in both the interaction cycle and learning. It 
is through feedback, both internal and external to the game, that learning can occur, 
either through corrective feedback on previous task performances or through 
contextual events triggered by the system. To design feedback based on the choices a 
player makes, Salen and Zimmerman (2004) identified certain questions as part of 
their anatomy of choice. Norman’s Seven Stages of Action can be used as an inquiry 
based design tool to ask questions relating to the three stages that form feedback.  
This thesis used this understanding of feedback to formulate key feedback-
related questions within the core-gameplay SCGT:   
• F1: What is the result/new state of the environment once the choice and 
actions are made? (Salen & Zimmerman, 2004) 
• F2: How do I know I made the correct/incorrect choice? (Norman, 2013; 
Salen & Zimmerman, 2004)  
• F3: How will this affect my choices in the future? (Salen & Zimmerman, 
2004).  
The answers to these questions will outline the system events that occur after 
players have made their choice and how they are expected to respond to future 
choices. It is at this point that constructive feedback can be given, and learning can 
be re-enforced. This feedback can be implemented at any time when the learner 
needs it most, e.g. presenting just-in-time information when the user interacts with an 
object. Guiding feedback can also be adjusted and reduced, based on the users 
growing experience with the system, educational content and knowledge. The 
practical application of this tool is demonstrated in the following sections by 
applying it to the design of a serious game.  
4.3.2 Application of the SCGT 
The purpose of applying the SCGT to the design of a serious game is it 
demonstrates how the tool can be used in practice. The tool identifies authentic task 
competencies and choices. These answers can then be then transformed into 
gameplay. The following section outlines how this tool was applied to the design of 
an OH&S Serious Game. 
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Design Brief: General Fire Evacuation Safety 
Occupational Health and Safety (OH&S) was chosen as a learning topic to be 
the focus of a small, individual serious games project. This is a topic that is very 
common to workplaces all around the world; therefore, the results from this research 
could potentially yield a significant contribution. An existing training system was 
already in place, and this system formed that basis of a comparative evaluation study. 
The existing OH&S system (see Figure 16) was an online audio and visual 
presentation that presented a variety of information to users on the topic of OH&S. 
The goal was to help answer the research question guiding this chapter “How can 
learning objectives be mapped to core gameplay?”. A more practical interpretation of 
this is, “Could traditional OH&S training be transformed into gameplay?” 
 
Figure 16: Example of existing OH&S training 
 
The current version of the SGF outlined in Chapter 3 was used throughout the 
analysis, design, development and evaluation of this project. During the analysis 
phase, existing training material, and various related safety documents formed a 
partial basis of knowledge and facts that would inform the design of the game. 
Numerous consultations with workplace safety management staff highlighted the 
limitations of the current e-learning system and some key topics that would be useful 
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to explore in a game-based experience. These key topics were transformed into 
instructional goals that would be investigated during the design process. These 
instructional goals consisted of a learning experience on the topics of:  
• General Evacuation Policy: understanding the training purpose. 
• Hazard Prevention: identifying and removing potential hazards. 
• Communication and Equipment: locating and using communication 
equipment. 
• Emergency Personal: locating emergency personal. 
• Alerts: identifying and responding to alerts. 
• Hazard Encounters: responding to hazards. 
• Hazard Fighting Equipment: identify and using hazard fighting tools. 
• Evacuation: evacuation procedures. 
Certain user requirements were also made clear during these consultations, e.g. 
typical user demographics were considered to be 18-50 years old, university staff and 
higher degree research students. There was a total of five Subject Matter Experts 
(SMEs) consulted during the design of the game. The structure of this SME contact 
is outlined below. 
• First contact with Subject Matter Experts (1 SME) 
• Follow-up discussion with 2-3 SMEs 
• Email and document collaboration (1-2 SMEs) 
• Game concept presentation (4-5 SMEs) 
• Final game design presentation and feedback 
• Development feedback and discussions (2-3 SMEs) 
A prevalent workplace safety issue that was raised by the SMEs, and that is 
also of concern nationally, is that of injuries resulting from slips, trips and falls 
(Workplace Health and Safety Queensland, 2013). Many government and insurance 
reports reveal the figures of injuries per year and the associated costs to businesses in 
lost productivity and compensation claims (Comcare, 2002; Safe Work Australia, 
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2012; Work Cover NSW, 2007; Workplace Health and Safety Queensland, 2013). 
Each year, tens of thousands of workers suffer from a slip, trip or fall related injuries. 
Slip, trips and falls are often the result of hazards in the workplace, such as 
contaminants, floor surfaces, cleaning, obstacles, environment lighting, human 
activity, and footwear (Workplace Health and Safety Queensland, 2013). Managing 
these risks often involves the simple processes of identifying hazards, assessing the 
risks, understanding and applying control measures, as well as monitoring, and 
reviewing those control measures (Workplace Health and Safety Queensland, 2013). 
During the design phase, the Game Concept Presentations were the most 
formal, structured sessions with the SMEs. The aim of the Game Concept 
Presentation was to: 
• Involve industry experts in the design of educational games appropriate 
within the workplace health and safety context. 
• Determine the suitability of proposed game concepts within an industry 
setting. 
Experts were asked to attend game proposal interviews. During these proposal 
interviews, two game prototype presentations were conducted. The purpose of these 
concepts was to present possible alternatives to the client to focus their vision of 
what the serious game could be and to provide a visualisation to stimulate creative 
feedback from the stakeholders. The concept presentation, feedback and design 
iteration is discussed in the next section. 
Interview questions with OH&S industry experts immediately followed the 
proposal presentation. Questions asked were aimed at gaining feedback on the 
proposed game ideas, as well as an indication of whether the game ideas were 
appropriate for industry application. Interview questions are listed below. 
Educational benefits:  
• What do you think about the General Evacuation topics that are being 
covered in this concept? 
• Do you think that this concept is targeting appropriate general evacuation 
topics? 
 96 Chapter 4:Designing Core Gameplay 
• Do you think this concept would satisfy the Building Fire Safety 
Regulation 2008 by providing staff with accurate general evacuation 
information? 
 
 
Usability of the system:  
• Do you think that this concept would be appropriate for staff aged 
between 18-65? 
• Do you think that the computer skills required to play this game would 
be appropriate for staff? 
• Do you think that the game will be easy to pick and play for the general 
staff, e.g.. intuitive and requires little to no prior training? 
• Do you think the expected game length is appropriate, e.g. the time it 
takes for a player to complete a level? 
Areas for improvement/extension: 
• Are there any teaching /learning opportunities not currently addressed in 
this concept? 
• Do you think that this concept will offer an engaging experience for the 
wide range of adults who will play it? 
• Do you wish to make any comments or feedback on the concept? 
Interview sessions lasted approximately one hour. These interviews also helped 
to push the project from the analysis phase into the design phase. From this analysis, 
instructional objectives to be pursued in the game were developed. Guided by the 
SGF, a design tool was then developed to aid in the alignment of core-gameplay with 
the instructional objectives.  
4.3.3 Mapping Instructional Objectives to Core Gameplay 
For the purposes of scope and to meet the serious game evaluation aims of the 
thesis, only one section of gameplay was fully designed and developed. It is based on 
one of the many instructional goals (hazard prevention) identified during the 
consultations with SMEs interviews.  
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During the design phase, a series of instructional objectives were designed 
based upon the following learning goal. “After the training, the learner will be able to 
identify various trips and falls within an office environment and know how to 
respond.”. While relatively open-ended, this learning goal gave an ideal starting 
point to develop a cognitive walkthrough that identified the discrete steps and 
choices made when identifying and responding to hazards.  
From this map, critical, yet interesting task decision points could be identified 
as the focus. These could then be developed into instructional objectives that clearly 
explained what the learner should be able to do after they play the game. An example 
of one of those instructional objectives will be the focus of the following example:  
• What should the learner be able to do? (Performance)  
o Respond (applying control measures)  
• Under what conditions do you want the learner to be able to do it? 
(Conditions)   
o Presented with a potential hazard in an office environment [the 
learner will respond (applying control measures)] 
• How well must it be done? (Criterion) 
o [Presented with a potential hazard in an office environment the 
player will respond] choosing the ideal control measures to 
reduce the level of risk 
The formed instructional objective might look like this: “When presented with 
a potential hazard in an office environment the learner will respond by choosing the 
ideal control measures that could reduce the level of risk.” 
The following tables break down the SCGT into its individual elements to 
outline how the elements of goals, choice, action, rules and feedback were 
constructed based on this particular instructional objective. The real life and game 
examples are focused on the desired level of competency, e.g. the core-gameplay 
cycle experienced towards the end of the game.  
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Table 12: Goal Mapping Table 
 Goal  
Question Real Life Game 
G1: What performance 
should I be able to 
achieve? (Mager, 1997) 
Respond to hazards by 
applying different control 
measures. 
Respond to hazards by 
applying different control 
measures. 
 
G1: (see Table 12) Within a real life context, the learner should be able to respond to 
potential hazards. In Occupational Health and Safety contexts, this response is 
known as applying control measures such as elimination, substitution, isolation and 
engineering. The application of different control measures in the game allows the 
user to learn from the effect they have in a simulated environment and to develop a 
greater depth of understanding. This application allows a tighter coupling of the 
decisions and actions experienced in the game so that they can be transferred into a 
real situation. 
Table 13: Choice Mapping Table 
 Choice  
Question Real Life Game  
CH1: What can I do, and 
what are my alternatives? 
(Norman, 2013) 
Determine the ideal 
control measure/s to 
apply from the list of 
existing control measures. 
At least 2-3 meaningful 
choices/control measures 
available to the player.  
CH2: How is the 
possibility of choice 
conveyed? (Salen & 
Zimmerman, 2004) 
The perceived 
affordances of objects in 
the environment and the 
internally imagined 
actions taken with objects 
not currently present. 
Menu of buttons with 
each available control 
measure present. A menu 
button will have tool tips 
to identify the future 
effects it will have. 
 CH1: (see Table 13) The focus of this cycle of core-gameplay is presenting the 
user with similar decisions to those available when facing hazards in the real world. 
Realistically there will often be two/three control measures that could be applied. 
Therefore, the game offers the player the same types of choices that are core to 
responding to a hazard and ultimately helps to re-enforce making the most effective 
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decisions. In the game, each hazard will have at least two or three choices that could 
have some effect on the hazard.  
CH2: (see Table 13) In real life, choices to interact with objects at hand are 
often conveyed by their perceived affordances, or some decisions could be made 
based on an understanding of objects that are not immediately available (Norman, 
2013). For example, the real life choice of choosing a barrier to place around a 
hazard first requires an understanding of the surrounding environment, e.g. things 
nearby could be used as a barrier or that barriers can be found elsewhere. The game 
simplifies the decision-making process by clearly conveying if the necessary actions 
and tools can or cannot be used. This design decision ensures the core gameplay 
focuses on making the critical decision of choosing effective control measures. This 
choice is visually conveyed via a menu of buttons that represent applying a control 
measure. Tooltips over each button identify the future events that will occur once the 
button is pressed. 
Table 14: Action Mapping Table 
 Action  
Question Real Life Game 
A1: What series of 
actions (verbs) will 
indicate I am making a 
choice? (Adams, 2013; 
Mager, 1997; Norman, 
2013) 
Series of steps that 
represent applying a 
particular control 
measures.  
Click the hazard, then 
click the control measure 
button.  
 
A1: (see Table 14) The real life performance involves completing a sequence 
of tasks for each control measure that will achieve the goal, e.g. cleaning up a spill 
requires fetching a sign to warn others, fetching cleaning products, applying cleaning 
products, and storing the sign and cleaning products when done. Direct mapping of 
these real actions (e.g. fetching and manually handling the safety equipment) would 
push the scope and focus of the game beyond the requirements. Therefore, the 
majority of actions taken for this core gameplay cycle consist of clicking on the 
hazard and then clicking on a control measure button.  
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Table 15: Rules Mapping Table 
 Rules  
Question Real Life Game 
R1: (Speed) How quickly 
do I need to make my 
choice and perform the 
actions to achieve my 
desired goal? (Mager, 
1997) 
Respond to a hazard as 
soon as it is identified 
visually.  
Respond to a hazard as 
soon as it is identified 
visually.  
R2: (Accuracy) What 
degree or level of 
precision do I have to 
demonstrate to achieve 
my desired goal? (Mager, 
1997) 
One or more control 
measures will reduce the 
level of risk. 
One or two control 
measures out of the six 
will significantly reduce 
the risk of a hazard 
injuring an NPC.  
R3: (Quality) What 
standards/criteria do I 
have to meet while I 
perform the actions to 
achieve my desired goal? 
(Mager, 1997) 
Apply the correct 
ordering of control 
measures based on an 
evaluation of the time a 
control measure might 
take to perform. 
Evaluate what controls 
should have been chosen 
first based on each 
hazard, e.g. higher order 
controls may not always 
be the ideal first response. 
R4: (Conditions) In what 
conditions will my 
performance occur? 
(Mager, 1997) 
Real office environment, 
presented with a real 
hazards and workers. 
Simulated 3D office 
environment presented 
with simulated hazards 
and workers. 
R5: (Constraints) What 
can/cannot I use while 
making a choice 
performing the actions? 
(Mager, 1997) 
Can’t use reference 
material. Could ask for 
assistance if hazards 
cannot be immediately 
eliminated. 
Can’t use interactive 
safety reference material. 
Assistance could be 
provided when making 
and applying a choice. 
 
R1: (see Table 15) Office environments are rarely empty or distraction free. 
This constraint is reflected through the non-player character (NPC) AI routines will 
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travel to office tasks that bypass hazards frequently. This design decision ensures that 
the player is motivated to respond to all hazards quickly before an NPC is injured. 
Some control measures do not immediately reduce the level of risk (e.g., it can take 
time to be completed), re-enforcing the idea that temporary control measures may 
also be required. 
R2: (see Table 15) The accuracy criterion of the task is based on the predefined 
control measures that should be used for each hazard. For example, a hazard will 
have various control measures that can and cannot be applied. The game will always 
expect that at least one or two control measures are correctly chosen before the 
hazard no longer poses a risk of injuring the NPC. 
R3: (see Table 15) Players will be evaluated on the quality of their response 
based on their ability to determine the ideal control measure to apply first. Often 
lower order short-term controls need to be put in place until higher order controls can 
be effectively applied. Some of the control measures are more effective in reducing 
the risk of injury than others. For example, cleaning up a spill takes time but is more 
effective than placing a barrier around it. Ideally the barrier should be placed first to 
reduce the level of risk immediately. 
R4: (see Table 15) An environmental condition that presents the player with a 
multitude of hazards to respond to is used, e.g. a 3D simulated office environment 
with animated workers, hazards and responses. The camera perspective used is a top-
down view that offers the player a greater sense of choice to perform various actions, 
as well as giving the player the ability to spot hazards immediately. It is also 
important to include NPCs moving about the environment, as this emphasises the 
importance of responding to hazards quickly and effectively. 
R5: (see Table 15) When performing the task at a level of competency in real 
life it is expected that the learner would not have any physical reference material to 
aid them in determining the ideal control measures to implement. In some cases, not 
all hazards can be eliminated immediately. Assistance is often necessary to apply 
lower order control measures. The game reflects these constraints by implying some 
hazards require assistance and time to be resolved that is outside of the abilities of 
the player. As the player is learning how to respond to hazards, the amount of helpful 
information can be structured to taper off as the game progresses in difficulty. 
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Table 16: Feedback Mapping Table 
 Feedback  
Question Real Life Game 
F1: What is the 
result/new state of the 
environment once the 
choice and actions are 
made? (Salen & 
Zimmerman, 2004) 
A hazards risk will 
increase, decrease or 
remain the same.  
The chance of an NPC 
being injured will 
increase, decrease or 
remain the same.  
F2: How do I know I 
made the correct/incorrect 
choice? (Norman, 2013; 
Salen & Zimmerman, 
2004)  
Feedback to convey a 
correct choice is often 
implicit. Incorrect choices 
are often explicitly 
conveyed through injury 
reports or workplace 
announcements. 
Audio-visual effects, and 
removal of the hazard 
will  convey that the 
player made correct 
choices. 
Injured NPCs and end 
game scores will convey 
incorrect choices. 
F3: How will this affect 
my choices in the future? 
(Salen & Zimmerman, 
2004) 
Without clear, explicit 
feedback or relevant prior 
knowledge, my future 
choices will likely remain 
unchanged. 
Immediate and delayed 
explicit feedback will 
encourage the player to 
makes correct choices 
when presented with 
similar situations. 
F1: (see Table 16) The events that occur after a control measure is applied in 
the game update the chances of an injury occurring. The aim is to encourage the 
player to re-engage in a new cycle of interaction with either the same or similar 
hazards. 
F2: (see Table 16)  Feedback that a hazard is responded to correctly is limited 
in a real life situation. The benefit to using a game-based learning approach is correct 
choices can be immediately re-enforced with feedback. Negative feedback in the 
game has been delayed, e.g. an NPC injures themselves to show the real implications 
of failing to apply effective control measures. Auxiliary audio and visual feedback 
mechanisms are also used to show that the user has performed an action the system 
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recognises. It is expected that the player’s motivations will improve the safety of the 
virtual environment transfers to real motivations to improve the safety of real 
workplaces they enter. 
F3: (see Table 16)  In real life contexts, it is rare that an individual would have 
faced and responded to many different hazards in the workplace. Games can allow 
players to learn from their actions in a safe manner. The design of the game ensures 
the player regularly interacts with the core gameplay cycle consisting of identifying 
and responding to hazards. This design decision ensures the resulting explicit 
feedback is received more readily and built upon so that future choices in the real 
world may be influenced by the experience.  
The resulting game developed was titled “Catastrophe” (see Figure 17: 
Catastrophe Crisis Management Game). Catastrophe is a top down crisis 
management game where the player manipulates the environment to keep NPCs safe 
in a normal working situation. Players can interact with in-game objects that are 
represented as potential safety hazards. These hazards all relate to those resulting in 
slips, trips and falls, e.g. boxes or rubbish left in walkways, spilt liquid and loose 
cords. The NPCs will primarily act on their own, traveling between tasks, such as 
working at a computer, handling boxes, rubbish or using the kitchen. 
 
Figure 17: Catastrophe Crisis Management Game 
 
The core gameplay (moment-to-moment experience) requires the player to 
prevent injuries from occurring, e.g. removing any hazards before an accident occurs. 
Game goals and concise safety information are delivered to the player via an advisor. 
If NPCs collide with a potential hazard, they will injure themselves. This will affect 
the player’s final game score through loss of productivity and injury costs. The game 
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has been designed to be extendable if further learning goals are to be pursued, e.g. 
evacuation planning, emergency communication (alarms), and the use of hazard 
fighting equipment (fire extinguishers). Further details on the games features are 
outlined in Section 4.4. 
4.4 DEVELOPMENT OF CATASTROPHE 
Game development Tools: 
Catastrophe was built using the Unity 3d Pro (see Figure 18: Catastrophe Unity 
3d Development) game development engine (Unity Technologies, 2014). Gameplay 
scenarios were scripted by the author using C#.NET 2.0. 3d models were built using 
blender 3d (Blender Foundation, 2014). Graphical user interface elements and 3d 
textures were created by the author using Photoshop (Adobe, 2014). Images used in 
the Slips, Trips and Falls module was sourced through open source image libraries. 
Character models and animations were sourced from Unity Technologies (Unity 
Technologies, 2014). Sound effects were sourced from freesounds.org (Freesound, 
2014). 
 
Figure 18: Catastrophe Unity 3d Development 
 
Structure of Catastrophe: 
The following screen flow demonstrates the fundamental structure of the 
Catastrophe prototype. 
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Figure 19: Catastrophe Level Progression 
The prototype of catastrophe was developed to fit into an experimental 
condition (see Figure 19). Very specific instructions and restrictions were put in 
place to ensure all users experienced the same gameplay conditions without making 
potential errors or deviations from the normal gameplay procedure. For example, 
explicit instructions were delivered in the introduction scene, and only one level 
could be selected. Other gameplay restrictions included levels transitioning without 
the ability to replay a level. The only exception to this was the tutorial level, which 
could be repeated so the user could learn the controls and basic rules of the game. 
 
Figure 20:Catastrophe Experiment Instructions 
 
Tutorial Level: 
The tutorial level focused on presenting the basic instructions (see Figure 21) 
on how the player could control the camera using the mouse. It also introduced the 
concept of Non-Player Characters (NPC’s) being able to earn income. Income in the 
game is the points received when an NPC is interacting with a computer workstation. 
This only occurs when an NPC has safely reached their destination. 
Introduction	
Screen Tutorial
Slips	Trips	
&	Falls	
Module
Office	
Scenario	1	
Office	
Scenario	2
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Figure 21: Catastrophe Tutorial Instructions 
 
Slips, Trips and Falls Module: 
This level proceeded the tutorial level and aimed to present information on the 
topic of Slips, Trips and Falls (see Figure 22), e.g. information specifically relating to 
“The Hierarchy of Controls” is presented to the play via text and images.  
 
 
Figure 22: Catastrophe Slips, Trips, and Falls Module 
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The player could then apply that knowledge in the game context by clicking on 
hazards and applying the most suitable control measure (see Figure 23).  
 
Figure 23: Applying control measures 
Office Scenario 1 & 2: 
The office scenarios allowed the player to interact with the environment and 
apply what they had learned in the previous levels without being instructed on how 
to do so. Each round of the practice levels started off by allowing the player some 
time to quickly reduce the level of risk of the hazards in the environment by applying 
control measures. After a countdown timer had completed, the NPC workers in the 
level would begin moving about the level and attempt to move to a workstation to 
perform work and earn income. Each scenario was made increasingly difficult by 
shortening the time given at the start to respond to hazards before the NPCs began 
work, and increasing the amount of NPCs and hazards present in the level. 
Feedback mechanisms: 
Various feedback mechanisms were designed to inform the player about their 
level of progress and status of the workers. This feedback was initially outlined to the 
player during the tutorial. The following outlines the different feedback mechanisms 
implemented in the game (see Figure 24). 
Income and Injury Score  
The income and injury status bars move horizontally based on the amount of 
income vs. injuries that have accumulated during the round. The income bar is 
negatively affected by the amount/cost of injuries that have occurred. These bars 
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move horizontally in opposite directions to emphasise that injuries will ultimately 
bring down the total income earned for the round.  
1 & 4:Injury feedback 
If an NPC injures themselves on a hazard, an animation (NPC falling over), 
audio effect and label of the cost to the day’s income is displayed to emphasise the 
severity and implications of slips, trips and falls in the workplace.  
2:  Income Label  
The income label displays the total amount of income earned for the day with 
the injury deductions taken into account. 
3: Worker movement trail 
The workers leave behind a movement trail to demonstrate where the most 
commonly walked paths are. This allows the player to see where high-risk areas may 
be if hazards are present or where not to leave non-recyclable objects, such as boxes. 
 
Figure 24: Catastrophe onscreen feedback 
 
Not all hazards can be removed/fixed immediately, therefore, to communicate 
to the player that these may take time, a hammer-and-spanner icon with a movable 
timer bar is displayed over hazards that will take the time to fix. This icon disappears 
once the hazard has been fixed (see Figure 25).  
1 
3
4
2
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Figure 25: Hazards being fixed 
 
Once a hazard has been correctly responded to a tick icon and sound effect will 
appear over where the hazard was positioned to signify that the player has completed 
a correct action (see Figure 26). 
 
Figure 26: Hazard is fixed 
 
When interacting with (clicking on) a hazard, players are presented with the 
choice of four control options that they can apply. Each control option has a tooltip 
displaying what future action the control measure will apply (see Figure 27).  
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Figure 27: Interaction with Control Measures 
 
Interaction hovers and tooltips are used on all objects that the player can 
interact with. This ensures players always knew what objects are and are not to be 
interacted with (see Figure 28). 
 
 
Figure 28: Interaction Hover 
 
Once the player has completed a round, the day summary screen presents 
important information on their performance (see Figure 29). The income earned 
details the total amount of income the player earns. The injuries demonstrate the 
number of injuries that occurred and the resulting cost to those injuries. If the player 
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correctly applies a control measure, their “Control Measures Applied” bonus 
multiplier will increase 
The following calculation determines the players total income earned for the 
day. 
Income earned – injury costs * Control Measure multiplier 
While not implemented in the prototype, daily goals indicated by the stars can 
be met that could earn the player future rewards and unlocks. 
 
Figure 29: Scenario Results 
 
4.5 DISCUSSION AND CONCLUSION 
A question was proposed at the start of this chapter, “How can learning 
objectives be mapped to core gameplay?”. The solution to this question is an activity 
that fits within the design phase of the SGF. This activity is guided by a design tool 
that provides a clear process to map instructional objectives to core gameplay 
activity the Serious Core Gameplay Tool. This inquiry design tool asks questions 
relating to the core gameplay elements of goals, choices, actions, rules and feedback 
in relation to the instructional objectives. As demonstrated in the example mapping 
tables, the answers to these questions form design criteria that allow designers to 
identify and justify the learning potential of the game. 
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To demonstrate how instructional objectives can be mapped to core gameplay, 
a serious game was designed and developed. The design and development processes 
were guided by the Serious Gameplay Framework. The design of the core gameplay 
was guided by the Serious Core Gameplay Tool. Other design features of the game 
were also outlined in relation to their impact on the learning outcomes and user 
experience.  
For educational solutions such as serious games to be more deeply embedded 
into training and policy, further research is required to answer the important question 
“Does it work?”. More specifically “Can a serious game be more effective than other 
learning approaches?”. Chapter 5 will partially explore this question by evaluating 
the serious game developed in this chapter for both the desired motivational and 
learning outcomes. This evaluation is not aimed at directly proving that the 
framework and design tools work compared to other frameworks, rather it is aimed at 
collecting evidence to support the value and use of the framework.
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Chapter 5: Serious Game Evaluation 
5.1 INTRODUCTION 
The potential of serious games stems from the players feelings of engagement 
while interacting with the playful learning activity. The usefulness can be 
demonstrated by the evidence suggesting serious games can be an effective learning 
activity (Connolly et al., 2012). The Serious Gameplay Framework (SGF) outlined in 
Chapter 3 and the Serious Core Gameplay Tool (SCGT) outlined in Chapter 4 were 
developed to address the ongoing challenges in designing serious games that achieve 
a balance between producing player engagement and meeting learning outcomes 
(Watson, 2007). As a result of using both the SGF and SCGT, a serious game titled 
Catastrophe was built. An evaluation study was required to determine: a) the efficacy 
of the built serious game compared to audio-visual training, and b) to understand the 
value of using the SGF and SCGT to design a serious game.  
The primary research question that guides this chapter is “Can a serious game 
be more effective than an audio visual presentation?”. The motivations behind this 
question were twofold. There was a desire to understand if a serious game delivered 
an engaging learning experience. The second, complementary purpose was to 
preliminarily explore the value of a framework and set of design tools used during 
the development of a serious game. The serious game evaluated was called 
Catastrophe (see Chapter 4). Catastrophe is a serious game that focuses on teaching 
the user about OH&S concepts, such as potential hazards in the office and how 
individuals should respond to them if found. Catastrophe was designed using the 
SGF (see Chapter 3) and, in particular, was a result of using the SCGT (see Chapter 
4). The SCGT guides the development of core gameplay mechanics within serious 
games through an alignment of those mechanics with instructional objectives. The 
tool is designed to produce authentic learning through design steps that consider the 
quality of the learning experience in terms of performance, conditions and criteria. 
Learning objectives are framed within a real-world context and then mapped to a 
game environment. The use of this tool ensured the design of Catastrophe carefully 
considered the process of mapping instructional objectives to the core-gameplay to 
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achieve positive learning and motivational outcomes. To demonstrate the 
effectiveness of Catastrophe, a between-groups experiment was conducted to 
evaluate the learning and engagement outcomes.  
This chapter first discusses some of the background literature in the field of 
motivation and engagement in video games, OH&S training and existing OH&S 
serious games. The study design is then discussed, outlining how and why methods 
were used. The quantitative and qualitative results of this study are then reported. 
Following this, a discussion of these results highlights the implications for the 
observed outcomes of the game, the value of the framework as a design tool, digital 
training activities, and implications for the wider serious games community.  
5.2 MEASURING MOTIVATION AND ENGAGEMENT IN VIDEO 
GAMES 
The psychological construct of intrinsic motivation provides a valuable lens for 
examining an individual’s feelings of engagement in gameplay. Video games are 
largely autonomous pursuits that create their internal motivations for playing. 
Ideally, serious games should engage players in a learning activity by facilitating an 
intrinsically motivating experience (Habgood & Ainsworth, 2011).  
Self-determination Theory (SDT) is one perspective of human motivation that 
has been extensively used within the research community (Deci et al., 1999). Within 
the broad SDT framework is a meta-theory to help guide the observation of 
motivational constructs of individuals interacting with an activity (Ryan & Deci, 
2000a). Intrinsic motivation is a key construct within the meta-theory. Intrinsic 
motivation can be characterised as an individual’s willingness to engage in an 
activity of their own volition (Ryan & Deci, 2000a). 
Subjective measures of motivation require individuals to demonstrate their 
motivational state or belief using verbal or written communication. Self-report 
instruments based upon SDT have been developed to measure motivational 
constructs, such as autonomy, competence, relatedness, interest and enjoyment. The 
Intrinsic Motivation Inventory (IMI) is one such self-report scale designed to 
measure a person’s subjective experience related to the activity. The instrument 
assesses interest/enjoyment, perceived competence, effort, value/usefulness, felt 
pressure, tension and perceived choice constructs. Specifically, the 
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interest/enjoyment subscale is considered “the self-report measure of intrinsic 
motivation” (Ryan et al., 1991).   
Another instrument, called the Situational Motivation Scale (SIMS), is also 
based on the self-determination constructs identified by Ryan and Deci (Ryan & 
Deci, 2000a). It consists of four sub-scales: intrinsic motivation, identified 
regulation, external regulation, and amotivation (Guay et al., 2000). The SIMS may 
be a useful measure to apply within the serious gaming context as it measures not 
only intrinsic motivation, but also different types of extrinsic motivation and 
amotivation. Given that many serious games rely on rewards that might be 
considered extrinsic motivators (e.g., badges, leader boards), allowing researchers to 
assess these motivational constructs is clearly of value.   
The Player Experience of Needs Satisfaction (PENS) scale focuses on the 
activity of playing games (Przybylski, Rigby, & Ryan, 2010). The scale investigates 
agreed upon predictors of intrinsic motivation, such as autonomy, competence and 
relatedness, as well as interactive controls and presence that are common in games. 
When evaluating a game for its entertainment value, this scale can help to identify 
why some game design mechanics influence the motivational outcomes, e.g. mastery 
of controls or feelings of immersion and presence in the game. 
The general nature of both the IMI and the SIMS make them useful 
instruments to use when looking to measure the motivational qualities of a serious 
game in comparison to learning delivered via a different method (e.g. e-learning 
tasks). In contrast, the PENS may be best used in experiments that are wholly 
focused on measuring motivation from similar activities, e.g. a comparative study 
between two different games. The relatedness sub-scale is particularly useful when 
considering the social needs that are fulfilled during gameplay.  
Understanding what instruments will demonstrate the engagement potential of 
a serious game was important during the design of the experimental study in this 
thesis. The intrinsic motivation sub-scale in the IMI was found to be the most useful 
instrument to use when comparing a serious game to an alternate e-learning activity. 
However, no instrument offered a suitable direct measurement of engagement. 
Therefore, there was a need to develop a new engagement scale. The use of the 
intrinsic motivation and engagement scale is discussed in the instruments section of 
this chapter.  
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5.3 ANALYSIS EXISTING OH&S TRAINING METHODS 
Workplace Occupational Health and Safety (OH&S) training has become very 
common. Worksite induction and annual renewal training are often the main forms of 
training found in any workplace. This training need is in response to evidence in 
research promoting the idea that training can lead to a reduction in both injuries and 
associated costs (Burke et al., 2006). Research has shown different training activities 
aimed at improving knowledge and awareness can reduce the number of injuries in 
the workplace (Ajzen, 1991). Pfeffer and Veiga (1999) pointed out that training is an 
essential component of any safe working environment. This is the result of 
organisations relying on frontline employees’ skills and initiatives to identify and 
resolve problems, to initiate changes in work methods, and to take responsibility for 
safety.  
According to the Theory of Planned Behaviour, if attitudes and intentions to 
perform a task safely are present, then the overt behaviour of performing a task 
safely will occur (Ajzen, 1991). When employees are well trained in safety 
precautions, rules and procedures, their safety performance improves (DeJoy et al., 
2000; Harvey et al., 2001; Zohar, 2002). Workplace accidents can be more 
predictable and avoidable by ensuring employees are trained to recognise hazards 
and understand their consequences (Vredenburgh, 2002). The basic difference 
between safety conscious employees and those who frequently get hurt is that safety 
conscious employees can recognise hazards, hazardous actions and understand the 
consequences (Vredenburgh, 2002).  
Burk et al. (2006) conducted a meta-analysis of ninety-five quasi-experimental 
studies featuring 20991 participants in total. As part of this analysis, different types 
of worker safety and health training methods were investigated and categorised by 
their level of engagement. These categories are listed below: 
• Least engaging (lecture, pamphlets, videos) 
• Moderately engaging (programmed instruction, feedback interventions) 
• Most engaging (training in behavioural modelling, hands-on training) 
A conclusion from this analysis was that most training interventions lead to 
positive effects on safety knowledge, adoption of safe work behaviours and practices, 
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and safety and health outcomes (Burke et al., 2006). It was also found that as the 
training methods became more engaging (defined as participants were actively 
participating), participants demonstrated greater knowledge acquisition, reduction in 
accidents, illnesses and injuries. Moderately and highly engaging training methods 
are, on average, more time-consuming and probably more expensive in the short 
term. However, they are potentially less costly and more effective in the long term, 
while better-ensuring worker and public safety (Burke et al., 2006). 
While knowledge is required to be delivered during this training; the discussed 
research has shown more active, engaging and participatory forms of training can 
yield greater learning and behaviour outcomes. Obvious forms of role-play and real 
life scenarios could be implemented to enhance the training experience. However, 
issues arise regarding certain safety challenges involved in re-creating hazards and 
human resource costs involved in face-to-face training. Serious games and 
simulations have been used in the past to help fill this gap and provide alternate and 
complementary training and assessment tools (Schneider et al., 2005). However, the 
design of these applications can face some of the engagement and design challenges 
commonly found in serious games, e.g. forcing boring educational tasks into the 
structure of a game in the hope it becomes more engaging (Habgood & Ainsworth, 
2011).  
5.3.1 Serious Games and Simulations in Workplace Health and Safety Training 
The use and effectiveness of serious games and simulations has been 
investigated in the past (Addison, Hare, Kassem, & Dawood, 2013; Dickinson, 
Woodard, Canas, Ahamed, & Lockston, 2011; Li, Chan, & Skitmore, 2012; Rüppel 
& Schatz, 2011). One such study aimed at measuring task solving in the area of work 
safety when using an instructional game environment found the scripted game 
environment provided opportunities that would not have been possible in traditional 
classroom settings (e.g. dealing with an authentic fire emergency situation) 
(Hämäläinen, Oksanen, & Häkkinen, 2008). The scripted game environment also 
helped players to know what to do next in the different phases of the game to solve 
the problem. 
Qualitative findings from a workplace health and safety game evaluation study 
found participants recognised the game as useful in learning and reinforcing OH&S 
content (Greuter & Tepe, 2012). A majority of students felt they learnt something 
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from the game and that the game was a good way to re-enforce knowledge from 
traditional learning methods. However, the quantitative results of the study were not 
able to significantly support this qualitative evidence (Greuter & Tepe, 2012). 
In another study, comparisons were made between a virtual reality simulation 
of a construction site and traditional visual material such as photographs and 
diagrams (Perlman, Sacks, & Barak, 2014). Participants were asked to identify any 
hazards they saw, assess the level of risk of that hazard and predict the probability 
and severity of the possible accidents. Only a limited amount of significant results 
were observed during this study, e.g. test subjects identified more hazards related to 
dangerous materials in a virtual environment than they did in the traditional 
assessment. They also identified more hazards related to moving vehicles in the 
virtual environment than they did in the traditional assessment (Perlman et al., 2014). 
While a growing body of research has been explored in the space of serious 
game based workplace health and safety training, little empirical evidence exists that 
serious game-based training produces engaging and effective learning experiences. 
The study reported in this chapter aims to contribute to games, education and OH&S 
research fields by conducting a rigorous evaluation of the learning and engagement 
outcomes of an OH&S serious game. 
5.4 CATASTROPHE SERIOUS GAME 
A serious game prototype, “Catastrophe” was designed using a framework that 
included tools used to guide the mapping of instructional objectives to core gameplay 
(see Chapter 4). The outcome of using this tool is a serious game that can facilitate 
an engaging learning experience for the player due to the tight coupling of 
instructional objectives and core gameplay.  
The two instructional objectives that guided the development of Catastrophe 
were: 
• “When presented with an office based environment, the learner will be 
able to identify (point out) the potential hazards that pose the highest risk 
to workers.” 
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• “When presented with a potential hazard in an office environment the 
learner will respond by choosing the ideal control measures that could 
reduce the level of risk.”  
The way in which the design tool enabled the mapping of instructional 
objectives to core gameplay was outlined in Chapter 4. The resulting serious game, 
Catastrophe, is a top down crisis management game where the player manipulates the 
environment to keep non-player characters (NPCs) safe (see Figure 30).  
Whilst game goals and concise safety information is delivered to the player via 
image and text, the learning activity is primarily focused on enabling the player to 
make interesting decisions, interact with the content and receive real-time feedback. 
This occurs during the core-gameplay (moment-to-moment experience) in the game. 
This core-gameplay requires the player to prevent injuries from occurring by making 
choices while they interact with the hazards, e.g. deciding which control measure to 
apply to a hazard before an accident occurs. The results of these choices are feedback 
to the player via positive/negative in-game events, e.g. (audio-visual effect, change in 
game score, and NPCs becoming injured). The evaluation of Catastrophe’s 
effectiveness is the core focus of this chapter and will be discussed in the following 
sections. 
 
Figure 30: Catastrophe - Game Learning Condition 
 
The aim of this study is to evaluate the effectiveness of a serious game based 
on potential hazards in the workplace. Evaluating the effectiveness of the serious 
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game is achieved by comparing the engagement and learning outcomes of those who 
played the serious game and those who interacted with an audio-visual presentation. 
Engagement outcomes are measured by examining participants’ responses to a 
motivation and engagement survey. Knowledge and understanding are measured by 
examining participant’s responses to a Slip and Trip Hazards Assessment. This 
assessment investigates an individual’s knowledge of potential hazards, as well as an 
understanding of how to apply control measures to hazards in an office environment. 
The measurement of these learning outcomes demonstrates the extent to which the 
serious game facilitates experiences that meet the instructional objectives. 
A secondary aim of this study was examining the value of the framework for 
effectively mapping instructional objectives to the core gameplay. A SCGT (see 
Chapter 4) that guided this mapping process was used to develop the serious game 
being evaluated. The results of the study will aid in understanding if there are 
engagement and learning benefits from taking this design approach. 
The serious game being investigated in this study was designed based on the 
SGF that has been a focus of this thesis. The objective of this framework is to guide 
developers through the process of developing a serious game that can facilitate both a 
learning and motivating experience for the player. Demonstrating that the serious 
game yields a motivating learning experience will provide evidence that the 
framework is capable of meeting its objectives. 
5.4.1 Hypothesis 
There are two primary hypotheses that have guided the study in this chapter. 
Within these two hypotheses are sub-hypotheses that outline the specific variables 
there were measured in the study. The hypotheses for this study are: 
• H1: Playing a game about hazards in the workplace will be a more 
positive experience than an audio-visual video about the same topic.  
o H1.a: Playing a game about hazards in the workplace will be more 
intrinsically motivating than an audio-visual video about the same 
topic. 
o H1.b: Playing a game about hazards in the workplace will be more 
engaging than an audio-visual video about the same topic. 
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o H1.c: Playing a game about hazards in the workplace will be seen as 
a more valuable training activity than an audio-visual video about 
the same topic. 
• H2: Playing a game about hazards in the workplace will result in a more 
effective learning experience than an audio-visual video about the same 
topic. 
o H2.a: Playing a game about hazards in the workplace will result in 
greater recollection of hazards in the workplace than an audio-visual 
video about the same topic. 
o H2.b: Playing a game about hazards in the workplace will result in 
greater understanding of hazard control measures than an audio-
visual presentation about the same topic. 
The investigation of these hypotheses contributes to the evaluation of the SGF. 
It also contributes to a greater understanding of how serious games can be effectively 
evaluated for learning and motivation outcomes. 
5.4.2 Experimental Design 
This study used a between-subjects experimental design to determine if there 
was an observable difference in learning and motivation outcomes among individuals 
who interacted with the serious game (SG) intervention, an audio-visual instructional 
method and an activity where no learning was expected to occur. The independent 
variable for the study was the instructional activity that had three levels (Game 
Learning, Video Learning, or Video Non-Learning). There were multiple dependent 
variables used to assess learning and motivation outcomes. Learning outcomes were 
evaluated based on an individual’s knowledge of potential hazards as measured by 
the Potential Hazard Knowledge scores. An individual’s understanding of how to 
apply control measures was measured using the Hierarchy of Controls Understanding 
scores. Positive experience outcomes were evaluated using subscales from the 
Intrinsic Motivation Inventory (McAuley & Tammen, 1989) and two additional 
scales. The IMI subscales were designed to measure intrinsic motivation as measured 
using the interest/enjoyment scores, effort as measured using the effort/importance 
scores, and value was measured using the value/usefulness scores. Two additional 
scales were developed to measure the specific construct of engagement as measured 
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using the additional interest/enjoyment score and OH&S value as measured by the 
additional value/usefulness score.  
Participants 
Fifty-five people over the age of 18 were recruited from the university 
population and local, regional area to participate in the study. The breakdown of 
participants is the following, University Support and Admin Staff (n = 13), 
University academic staff (n = 10), General Office Workers collected from regional 
area (n = 16), Active Students (n = 5), Other (snowball sample, neither current 
student, unsure of occupation) (n = 11). 
Conditions 
The study randomly split the participants into three conditions to control for 
any prior knowledge bias. These groups consisted of the Game Learning Condition 
(n = 18), Video Learning Condition (n = 18) and Video Non-Learning Conditions (n 
= 19). The following sections describe the purpose and details of each condition. 
Video Learning Condition 
The purpose of the Video Learning Condition was to help determine if the 
Game Learning Condition was different to an e-learning method such as audio-visual 
presentation. The Video Learning condition (see Figure 31) consisted of a six-minute 
video covering information on how to apply good risk management behaviour in the 
office to avoid hazards such as slips, trips and falls. This video was directly based on 
the existing university Health and Safety induction e-learning module, which all staff 
and postgraduate research students must watch annually. The e-learning module was 
primarily an image and text slideshow with optional audio narration. Only 
information that directly related to the following topics was included. 
• Hazards in the workplace 
• Risk management 
• Slips, Trips and Falls 
• Housekeeping 
• Hierarchy of controls 
In order for participants who did not work for the university to find the learning 
material relevant, the text, images and audio narration were also updated to ensure 
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any reference to the university or existing emergency contact information was 
omitted.  
 
Figure 31: Video Learning Condition 
Game Learning Condition 
The purpose of the Game Learning Condition (see Figure 31) was to act as the 
primary intervention used to compare e-learning forms of training, such as audio-
visual presentation. The game-based learning condition consisted of 10-15 minutes 
of gameplay. The first five minutes of gameplay involved the participant learning the 
controls of the game. Following this, five minutes of gameplay was directly related 
to presenting the learning content covered in the audio-visual learning condition. The 
final five minutes of gameplay allowed the users to play with the simulated 
environment free from assistance and learning material. The game consisted of the 
following levels: 
Level 1: Tutorial – learning the controls and rules (approximately 2-5 minutes) 
Level 2: Hazards in the workplace – instructional material and gameplay 
(approximately 5-6 minutes) 
Hazards in the workplace 
Risk management 
Slips, Trips and Falls 
Housekeeping 
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Hierarchy of controls 
Level 3: Office environment simulation – gameplay (5 minutes) 
Level 2, titled “Hazards in the workplace” was primarily based on integrating 
the exact topics covered in the Video Learning Condition into a gameplay 
experience.  Participants were presented with the same information received in the 
audio-visual learning condition, only through a combination of gameplay and direct 
presentation (text & image). 
Video Non-Learning Condition 
The purpose of the Video Non-Learning Condition was to act as a control 
activity (see Figure 32). The audio-visual non-learning condition consisted of an 8 
min 30-second video covering information on fighting hazards in the workplace such 
as fires. This video was directly based on the existing university General Evacuation 
Instruction e-learning module that all university staff and postgraduate research 
students must watch annually. The e-learning module was in the same presentation 
format to the video learning condition. Only information directly related to the 
following topics was included. 
• Fire blankets 
• Fire hose reels 
• Fire extinguishers 
• Types of fires 
• Portable fire extinguisher guide 
In order for participants who did not work for QUT to find the learning 
material relevant, the text, images and audio narration were also replaced to ensure 
any reference to QUT or existing emergency contact information was omitted.  
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Figure 32: Video Non-Learning Condition 
Instruments 
Positive Experience Outcomes 
The Intrinsic Motivation Inventory (IMI) was used to measure the motivation 
outcomes in the study. The IMI is a valid multidimensional measurement tool 
intended to assess a participant’s subjective experience related to an activity 
(McAuley & Tammen, 1989) and has been used previously within an educational 
games research context (Vos, van der Meijden, & Denessen, 2011). Participants 
respond to subscale items using a 7-point Likert scale regarding how much they 
agree or disagree with a statement. The IMI subscales selected for this study enabled 
the measurement of the participants’ feelings of intrinsic motivation, effort, and the 
value of the activity. Additional questions were also constructed to directly measure 
a participant’s level of engagement and value as an Occupational Health and Safety 
(OH&S) activity. 
Intrinsic Motivation 
The purpose of measuring intrinsic motivation is to gain an understanding of an 
individual’s willingness to engage in an activity of their own volition (Ryan & Deci, 
2000a). The subscale was used to measure the construct that most closely reflected 
feelings commonly felt when playing games, e.g. feelings of interest, enjoyment and 
fun. The Interest/Enjoyment subscale from the IMI was used to create an intrinsic 
motivation mean score. The following items from the Interest/Enjoyment subscale in 
the IMI were used to create a mean intrinsic motivation score. 
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• I enjoyed doing this activity. 
• This activity was fun to do.  
• I thought this was a boring activity. (reverse-coded)  
• This activity did not hold my attention at all.(reverse-coded)  
• I would describe this activity interesting.  
• I thought this activity was enjoyable.  
• While I was doing this activity, I was thinking about how much I enjoyed 
it. 
Engagement 
The purpose of measuring engagement was to complement the intrinsic 
motivation construct with a more direct term that could be used to describe one of the 
primary aims of this study. While the intrinsic motivation subscale hints at what 
might be considered feelings of engagement, e.g. “interest” and “held attention”, it 
does necessarily directly measure engagement. Therefore, a new scale consisting of 
three items was developed to measure engagement. Each item used a 7-point scale 
(from “do not agree” to “strongly agree”). The following items were used to create a 
mean engagement score. 
• I felt this activity was engaging. 
• I would describe this activity as involving. 
• I found this activity interesting. 
Effort 
The purpose of measuring effort was to gain a greater understanding of what 
may have contributed to the participant’s drive to do well and put mental effort into 
the activity. While the constructs of autonomy, competence and relatedness are 
considered predictors of intrinsic motivation, they would not have been suitable for 
less engaging activities, such as an audio-visual presentation (Ryan & Deci, 2000b). 
Therefore, the existing IMI subscale of effort was chosen, as all conditions in the 
study would likely require a degree of mental effort. The following items for the 
Effort/Importance subscale in the IMI were used to create a mean effort score. 
• I put a lot of effort into this activity.  
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• I didn’t try very hard to do well at this activity. (reverse coded) 
• I tried very hard during this activity.  
• It was important to me to do well at this activity.  
• I didn’t put much energy into this activity. (reverse coded) 
Value 
The purpose of measuring value was to gain an understanding of an 
individual’s feelings towards the value and usefulness of the activity. Thus gaining 
insight into reasons why participants may have felt more self-determined in their 
actions (Deci, Eghrari, Patrick, & Leone, 1994). The following items from the 
Value/Usefulness subscale in the IMI were used to create a mean value score. 
• I believe this activity could be of some value to me.  
• I would be willing to do this activity again because it has some value to 
me.  
• I believe doing this activity could be beneficial to me.  
• I think this is an important activity. 
OH&S Value 
The purpose of measuring the OH&S value was to complement the value 
scores. The value sub-scale items used didn’t directly investigate an individual’s 
feelings of value towards OH&S concepts being learned; rather they investigated the 
value of the activity as a whole. It was important to understand if there were any 
differences in how individuals felt about the value of the learned OH&S concepts. 
Therefore, additional questions based on the Value/Usefulness subscale in the IMI 
were developed and used. These three extra questions directly made statements about 
an individual’s feelings of value and usefulness towards learning about OH&S 
concepts. The following items were used to create a mean OH&S value score. 
• I think that doing this activity is useful for learning about responding to 
hazards in the workplace. 
• I think this activity is important to do because it can keep me safe from 
hazards in the workplace. 
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• I think doing this activity could help me be more aware of how I can 
respond to hazards in the workplace. 
Learning outcomes: Slip and Trip Hazards Assessment 
Learning outcomes were evaluated using a Slip and Trip Hazards Assessment. 
This assessment consisted of a Potential Hazard Knowledge component and 
Hierarchy of Controls Understanding component. The Potential Hazard Knowledge 
component was measured using the hazard knowledge score. The Hierarchy of 
Controls Understanding component was measured using the Hierarchy of Controls 
Understanding score. 
Potential Hazard Knowledge 
The purpose of the Potential Hazard Knowledge component is to measure an 
individual’s ability to recall potential hazards that could be found in an office 
environment. Demonstrating knowledge of what could potentially be a hazard can 
lead to safety accidents being more predictable and avoidable (Vredenburgh, 2002).  
The Potential Hazard Knowledge score was calculated by counting the number of 
correctly listed slip and trip hazards. The following question was used to elicit a 
response “List up to eight different hazards that could cause trip related injuries in an 
office environment.”. Participants responded to this question by listing up to eight 
different potential hazards that could be found in an office work environment. 
Hierarchy of Controls Understanding 
The purpose of the Hierarchy of Controls Understanding component is to 
measure an individual’s understanding of hazard control measures used within an 
office environment. An example of a Hierarchy of Control would be to “isolate” a 
workplace hazard e.g. (liquid spill) using a barrier or signage. The Hierarchy of 
Controls Understanding component was assessed by scoring participants written 
responses to questions. These questions enabled participants to demonstrate their 
level of understanding of the common hierarchy of controls. Using image-based 
scenarios (see Figure 33), questions also enabled participants to demonstrate their 
understanding of how they should respond to a hazard scenario. Users were asked to 
comment on the hazards seen in an image based scenario and the most suitable 
hierarchy of controls that could be applied to that situation (see Figure 33). There 
were 11 questions that contributed to the Hierarchy of Control Understanding score. 
An example of this type of question is outlined below. 
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“Observe this image: The following questions on this page will relate to what 
you see in the image.” 
 
Figure 33: Example Image Scenario Stimulus 
 “What type of control measure could be used to reduce the risk of the hazard? 
You may select more than one if necessary.” 
• Engineering 
• Isolation 
• Substitution 
• Elimination 
• I do not know 
“For each control measure selected in the question above list it, and describe 
how it would be applied to reduce the level of risk.” 
The example scenario (see Figure 33) demonstrates multiple potential trip 
hazards present in an office environment. There are three control measures that could 
be applied in this example. 
• Eliminate: The rip in the carpet could be eliminated (2 Marks) 
• Isolate: The rip should be isolated with a sign while the hazard is waiting 
to be eliminated (2 Marks) 
• Engineering: the corridor seems to have a lighting issue that could be 
resolved by engineering a new light source (2 Marks) 
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Additional Marks: 
• Substitute: The dark area could be interpreted as a faulty light source. (1 
Mark) 
There were a total of 11 questions that contributed to the total 33 marks (see Table 
17) that could be obtained for the Hierarchy of Control Understanding scores.  
 
Table 17: Hierarchy of Controls Marking System 
  Activity 
  Eliminate Substitute Isolate Engineering 
Elimination Example 2 
   Substitution Example 
 
2 
  Isolation Example 
  
2 
 Engineering Example 
   
2 
Spill Image (Eliminate + 
isolate) 2 
 
2 
 Stairs (Engineering x2 
(lighting, non-slip edge)) 
   
4 
Cord (eliminate) 2 
   Cracked floor (eliminate + 
isolate) 2 
 
2 
 Ripped carpet (Eliminate + 
isolate + Engineering 
(lighting)) 2 
 
2 2 
Slippery Floor (Substitute) 
 
2 
  Carpet mat (substitution) 1 2 
   Total 11 6 8 8 
 
There were a total of two marks awarded for each answer correctly describing 
a control measure that should be applied in the presented image scenario. A mark 
was awarded for correctly selecting the control measure from the list, and a mark was 
also awarded for describing the application of a valid control measure.  
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There could have been cases where a participant selected the correct control 
measure but gave an invalid description. In this case, they were only awarded one 
mark for their valid selection. There may have been a case where a participant 
selected a semi-valid control measure and gave a description of this. A semi valid 
control measure is a case where the participant thinks creatively and justifies the 
application of a control measure that was not previously listed. In these cases, 
additional marks, e.g. .5 marks were awarded for the justifiably correct selection of a 
control measure, and .5 marks were awarded for the matching description. 
The Hierarchy of Controls Understanding scores were weighted equally across 
the four different control measure groupings of questions (elimination, substitution, 
isolation, engineering) and converted into an overall percentage out of 100. 
Post Interview 
Semi-structured interviews were utilised to collect qualitative data that could 
provide a deeper understanding of each participant’s experience. The interview 
questions were based on the motivation and engagement survey questions used in 
this study. The purpose of asking these questions was to complement and assist in 
interpreting the quantitative data collected in the motivation and engagement survey. 
Example questions included: 
• How would you describe your interest during the activity?  
• Do you see value in playing this activity? 
• How did you find controlling the activity? 
• How did you feel about the activity’s visual feedback and effects? 
Procedure 
Total time for the study was approximately 40-50 minutes. Participants filled 
out a demographic survey and then were randomly assigned to one of the study 
conditions: video learning, game or video non-learning. Upon completing the 
condition activity, participants were directed to the motivation and engagement 
survey. Once this was completed, they were directed to the online assessment. Upon 
completion of the online assessment, the participant was finished with the computer-
based component of the study and invited to discuss experiences in a semi-structured 
interview.  
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It should also be noted that one participant did not fully understand the study 
instructions and did not fill out the assessment. This participant was from the non-
learning condition and reported that he became confused and just ignored the 
assessment as he thought it did not relate to him. Therefore, this participant’s 
assessment data was excluded from the analysis.  
Apparatus 
The following apparatus were used to display the interventions, and collect the 
data. 
Environment and hardware 
The study was designed to be carried out in many different office based 
environments. The main conditions for each environment consisted of a quiet area, 
often a private room, with a computer chair and desk. The study was run using a 15” 
laptop, external keyboard, wireless mouse and stereo headphones. Audio capture was 
performed using a mobile phone as a recording device. 
Software 
Each step in the study was made available to the participant using a HTML 
page (see Figure 34). Steps in the study were progressively revealed to the 
participant, and as the participant completed each step, the next step was unlocked. 
The HTML page automatically launched the online survey, online assessment, video 
conditions and the game condition. 
The demographic survey, motivation survey and learning assessment consisted 
of online forms and the data were stored in a secure online database. The video 
conditions were computer based and consisted of an embedded video in an HTML 
page. The computer-based game condition consisted of a Windows standalone 
executable file built in the Unity game development engine. 
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Figure 34: Study Portal 
 
Data Preparation 
OHS tests were downloaded from Survey Monkey and put into an assessment 
marking spreadsheet. Each test was marked according to the predefined answers and 
rules outlined in the marking sheet (see Figure 34). Test scores were then split into 
potential hazard knowledge and hazard control measure understanding variables. The 
potential hazard knowledge variable was weighted to equate into a percentage score 
out of 100. The hazard control measure-understanding variable had four sub-
components defined by an understanding of elimination, substitution, isolation and 
engineering control measures. Each sub-component was weighted and combined, 
which equated to a hazard control measure understanding score percentage out of 
100. 
Qualitative data was collected to aid in describing the quantitative learning and 
engagement results. This data consisted of the recorded interviews collected after 
each participant finished the engagement survey. This data was collected using an 
audio recorder on a smart phone device. Interview data was transcribed and coded in 
NVIVO 10. Due to factors outside of the control of the study design, some 
interviews were not able to be conducted, e.g. a participant having to leave the study 
early. The following participant interviews were not recorded. 
p108, p220, p301, p307 
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This missing data reduced the number of qualitative comments to 51 
participants (Game Condition = 17, Video Learning Condition = 17, Video Non-
Learning Condition = 17). 
All data was initially coded following the themes outlined in the survey 
questions. These themes consisted of: 
• General Impressions 
• Interest/Enjoyment 
• Effort/Importance 
• Value/Usefulness 
• Learning from the activity 
• Behaviour change from the activity 
• Future use of the activity 
Furthermore, each coded segment was coded based on whether it was a 
positive, neutral or negative statement. Examples of these are noted in the following 
results section of this chapter. 
5.5 RESULTS 
5.5.1 Demographic Results 
General Demographic Information 
In total, 55 individuals participated in the study (37 were male and 18 female). 
The average age of participants was 32 (SD = 9.06). On average participants played 
video games for 8.55 hours a week (SD = 15.03). The average computer use was 47 
hours per week (SD = 22.95). Three participants had never received any form of 
OH&S training before, and 24 participants had not received any OH&S training in 
the last 12 months.  
5.5.2 Hazard Knowledge and Understanding Results  
Statistical assumptions 
There were two univariate outliers in the data as assessed by visual inspection 
of a boxplot. An outlier was found in the Hazard Knowledge score, and an outlier 
was found in the Hierarchy of Controls Understanding score.  Attempts to transform 
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the data were made; however, this made little difference. As there was no real 
justifiable reason to exclude the data, each outlier was adjusted to the next highest 
score plus one (Field, 2009). This adjustment was sufficient to ensure there were no 
longer univariate outliers in the data as visually assessed by inspection of a boxplot.  
The Potential Hazard Knowledge mean scores for the Game Condition group 
were not normally distributed as assessed by a Kolmogorov-Smirnov test of 
normality D(18) = .434, p < .05. All other groups for this variable were normally 
distributed. The Hierarchy of Controls Understanding mean scores were normally 
distributed for all groups. Homogeneity of variance for the Potential Hazard 
Knowledge mean score was not equal for all groups F(2,51) = 4.481, p <.05. There 
was homogeneity of variances for Hierarchy of Controls Understanding mean scores 
F(2,51) = 2.361, p = ns. As some of the Potential Hazard Knowledge score data 
violated the assumption of normality and homogeneity of variance it was decided to 
run a non-parametric test (Kruskal-Wallis H Test) to determine if the Potential 
Hazard Knowledge were significant. As the Hierarchy of Controls Understanding 
data did not fail any of the statistical assumption tests, a one-way ANOVA was used 
to determine if there were significant differences between the condition groups. 
Potential Hazard Knowledge Score Result 
Potential Hazard Knowledge scores were statistically significantly different 
between the intervention groups H(2) = 26.08, p < .001. Subsequently, Mann-Witney 
U post-hoc tests were conducted in order to identify differences between groups. A 
Bonferroni correction was employed for all post-hoc Mann-Whitney U tests. Thus, 
all follow-up results are reported with a .0083 level of significance. Values are 
median unless otherwise stated. This post-hoc analysis revealed the following results:  
There was a significant difference in Potential Hazard Knowledge mean rank 
scores with participants in the Game Condition (Mdn = 100) reporting Potential 
Hazard Knowledge than participants in the Video Learning Condition (Mdn = 75), U 
= 49.00, z = -3.76, p < .001, r = -.62.  
There was a significant difference in Potential Hazard Knowledge mean rank 
scores with participants in the Game Condition (Mdn = 100) reporting Potential 
Hazard Knowledge than participants in the Video Non-Learning Condition (Mdn = 
62.50), U = 13.50, z = -4.84, p = .001, r = -.80.  
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There was no significant difference in Potential Hazard Knowledge mean rank 
scores between the Video Learning and Video Non-Learning mean rank scores (p = 
.ns). 
Descriptive statistics (see Table 18) of the Potential Hazard Knowledge scores reveal 
the Game Condition (M = 95, SD = 8.72) was higher than both the Video Learning 
Condition (M = 71.58, SD = 20.34) and the Video Non-Learning Condition (M = 
61.805, SD = 17.40).  
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Table 18: Potential Hazard Knowledge Scores Descriptive Statistics 
Intervention 
Condition 
Mean N Std. Deviation 
Game Condition 95.1389 18 8.72253 
Video Learning 
Condition 
71.5833 18 20.34211 
Video Non-
Learning 
Condition 
61.8056 18 17.40110 
Total 76.1759 54 21.29978 
 
Hierarchy of Controls Understanding Score Result 
A one-way ANOVA was conducted to determine if there was a significant 
difference in Hierarchy of Control Understanding mean scores between the different 
groups. Data is presented as mean and standard deviation. 
Hierarchy of Control Understanding scores were significantly different 
between different intervention conditions, F(2,51) = 13.508, p < .001, n2 = 0.346. 
Bonferroni post-hoc analysis revealed that the mean increase from Video Learning 
Condition to Game Condition (12.25, 95% CI [1.25, 23.26]) was statistically 
significant (p < .05), as well as the increase from Video Non-Learning Condition to 
Game Condition (23.10, 95% CI [12.09, 34.10], p < .001) (see Table 19). 
Table 19: Hierarchy of Controls Understanding Bonferroni Post-Hoc Test (95% 
Confidence Interval) 
(I) 
Intervention 
Condition 
(J) 
Intervention 
Condition 
Mean 
Difference 
(I-J) 
Std. 
Error Sig. 
Lower 
Bound 
Upper 
Bound 
     1.2482 23.2580 
Game 
Condition 
Video 
Learning 
Condition 
12.25309* 4.44549 .024 12.0871 34.0968 
 Video Non-
Learning 
23.09193* 4.44549 .000 -23.2580 -1.2482 
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Condition 
       
Video 
Learning 
Condition 
Game 
Condition 12.25309* 4.44549 .024 -.1660 21.8437 
 Video Non-
Learning 
Condition 
10.83884 4.44549 .055 -34.0968 
-
12.0871 
       
Video Non-
Learning 
Condition 
Game 
Condition 
-
23.09193* 
4.44549 .000 -21.8437 .1660 
 Video 
Learning 
Condition 
-10.83884 4.44549 .055 
  
(*. The mean difference is significant at the 0.05 level.) 
Table 20: Hierarchy of Controls Understanding Scores Descriptive Statistics 
 Intervention 
Condition Mean Std. Deviation N 
Hierarchy of 
Controls 
Understanding 
Game 
Condition 68.3526 9.14783 18 
 Video 
Learning 
Condition 
56.0995 15.71387 18 
 Video Non-
Learning 
Condition 
44.1218 16.91272 18 
 Total 56.1913 17.24816 54 
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5.5.3 Motivation Survey Analysis 
Statistical assumption checks 
There were two univariate outliers in the motivation and engagement data as 
assessed by visual inspection of a boxplot. Attempts to transform the data were 
made; however, this made little difference. As there was no real justifiable reason to 
exclude the data each outlier was adjusted to the closest score in the group plus one 
(Field, 2009). This adjustment was sufficient to ensure there were no longer 
univariate outliers in the data as assessed by inspection of a boxplot.  
Effort mean scores for the Game Condition group was not normally distributed 
as assessed by a Kolmogorov-Smirnov test of normality D(18) = .214, p < .05.  All 
other mean scores were normally distributed for all groups. Homogeneity of variance 
for the Intrinsic Motivation mean score was not equal for all groups F(2,52) = 3.64, p 
<.05. There was, however, homogeneity of variances for other mean scores. As some 
of the data violated the assumption of homogeneity of variance it was decided to run 
a non-parametric test (Kruskal-Wallis H Test) to determine if the Intrinsic 
Motivation, Engagement, Effort, Value and OH&S Value results were significantly 
different from one another.  
Intrinsic Motivation mean scores were statistically significantly different 
between the intervention groups H(2) = 33.960, p < .001. Engagement mean scores 
were statistically significantly different between the intervention groups H(2) = 
31.771, p < .001. Effort mean scores were statistically significantly different between 
the intervention groups H(2) = 20.368, p < .001. The Value and OH&S Value means 
scores were not found to be statistically significantly different (p = ns) between the 
intervention groups. 
Subsequently, Mann-Witney U post-hoc tests were conducted in order to 
identify differences between groups. A Bonferroni correction was employed for all 
post-hoc Mann-Whitney U tests. Consequently, all follow-up results are reported 
with a .0083 level of significance. Values are median unless otherwise stated. This 
post-hoc analysis revealed the following results. 
Intrinsic Motivation 
There was a significant difference in Intrinsic Motivation mean rank scores 
with participants in the Game Condition (Mdn = 5.64) reporting higher intrinsic 
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motivation than participants in the Video Learning Condition (Mdn = 2.78), U = 
6.50, z = -4.92, p <.001, r = -.82.  
There was a significant difference in Intrinsic Motivation mean rank scores 
with participants in the Game Condition (Mdn = 5.64) reporting higher intrinsic 
motivation than participants in the Video Non-Learning Condition (Mdn = 2.57), U = 
2.00, z = -5.13, p <.001, r = -.85.  
Descriptive statistics (see Table 21) revealed participants who interacted with 
the game felt greater intrinsic motivation (M = 5.69, SD = .83) than the Video 
Learning Video Learning Condition (M = 2.71, SD = 1.30) and Video Non-Learning 
(M = 2.79 SD = .90) revealed no significant difference (p = ns). 
Engagement 
There was a significant difference in Intrinsic Motivation mean rank scores 
with participants in the Game Condition (Mdn = 6.00) reporting higher engagement 
than participants in the Video Learning Condition (Mdn = 2.16), U = 13.00, z = -
4.72, p < .001, r = -.78. 
There was a significant difference in Intrinsic Motivation mean rank scores 
with participants in the Game Condition (Mdn = 6.00) reporting higher engagement 
than participants in the Video Learning Condition (Mdn = 2.33), U = 6.50, z = -5.01,  
p < .001, r = -.83. 
There was no significant difference in Engagement mean rank scores between 
the Video Learning and Video Non-Learning Condition (p = ns). 
Descriptive statistics (see Table 21) revealed participants who interacted with 
the game felt greater engagement (M = 5.94, SD = .90) than the Video Learning 
Condition (M = 2.51, SD = 1.45) and Video Non-Learning (M = 2.50, SD = 1.20). 
Effort  
There was a significant difference in Intrinsic Effort mean rank scores with 
participants in the Game Condition (Mdn = 6.00) reporting higher effort than 
participants in the Video Learning Condition (Mdn = 2.16), U = 30.00, z = -4.17, p < 
.001, r = -.70. 
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There was a significant difference in Effort mean rank scores with participants 
in the Game Condition (Mdn = 6.00) reporting higher effort than participants in the 
Video Learning Condition (Mdn = 2.33), U = 63.50, z = -3.28,  p = .001, r = -.54. 
There was no significant difference in Engagement mean rank scores between 
the Video Learning and Video Non-Learning Condition (p = ns). 
Descriptive statistics (see Table 21) revealed participants who interacted with 
the game felt greater effort (M = 5.80, SD = 1.06) than the Video Learning Condition 
(M = 3.54, SD = 1.27) and Video Non-Learning (M = 4.30, SD = 1.28). 
Value 
Comparison Value mean rank scores for the Game (M = 5.62, SD = .98), 
Video Learning Video Learning Condition (M = 4.55, SD = 1.53), and Video Non-
Learning (M = 5.05, SD = 1.15) revealed no significant difference between groups (p 
= ns). 
OH&S Value 
Comparison OH&S Value mean rank scores for the Game (M = 5.69, SD = 
.98) Video Learning Video Learning Condition (M = 5.37, SD = 1.07), and Video 
Non-Learning (M = 5.31, SD = 1.26) revealed no significant difference between 
groups (p = ns). 
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Table 21: Motivation Survey Descriptive Statistics 
Group  
Intrinsic 
Motivation Engagement Effort Value OH&S Value 
1 Mean 5.6984 5.9444 5.8000 5.6250 5.6944 
 N 18 18 18 18 18 
 Std. 
Deviation 
.83858 .90928 1.06936 .98984 .98061 
2 Mean 2.7169 2.5185 3.5444 4.5556 5.3707 
 N 18 18 18 18 18 
 Std. 
Deviation 
1.30936 1.45621 1.27382 1.53526 1.07732 
3 Mean 2.7932 2.5086 4.3000 5.0526 5.3158 
 N 19 19 19 19 19 
 Std. 
Deviation 
.90402 1.20858 1.28787 1.15042 1.26429 
Total Mean 3.7190 3.6363 4.5436 5.0773 5.4577 
 N 55 55 55 55 55 
 Std. 
Deviation 
1.72506 2.01359 1.51774 1.29714 1.10870 
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5.5.4 Qualitative Results of Interviews 
A more detailed breakdown of the qualitative comments can be found in Appendix 
E. The following sections highlight key examples that reflect positive, neutral and 
negative comments.   
General Impressions 
The following summary of results is taken from participants responses to the 
question: “What are your general impressions of the activity?”. This data has been 
coded into the themes of positive, negative and neutral. The purpose of this is to gain 
a greater understanding of the users “general impressions” of the activity and to get a 
sense if they felt it was a positive, negative or neutral experience.  
Positive: 
Fourteen out of the 17 participants in the Game Condition immediately 
responded positively when asked about their general impressions. For example, “I 
like that you could interact with it, not just watch a video, and be bored” (p102, 
0:25). 
Eight of the 17 participants in the Video Learning Condition felt it was what 
would be expected for this kind of training activity e.g. “The video itself seems pretty 
standard. It’s a pretty common practice to show people a video that, or instructions, 
that teaches people about occupational health and safety knowledge. It is quite 
informative… it includes pictures which is good. It has people talking through it 
which is useful, so it’s a useful step up from just having text which you have to read 
through yourself” (p210, 0:17). 
Only one participant in the Video Non-Learning Condition immediately 
revealed they found the activity engaging e.g. “It was very engaging, well, 
interesting and I learnt a lot about definitely fire hazards, and the different types of 
the different types of fires and the different extinguishers that need to be applied to 
them. Like, that I never knew before and could be very helpful in the office.” (p317, 
0:12) 
Neutral: 
 One participant in the Game Condition did give feedback on the amount of 
instructional material delivered “Yeah it was nicely done, maybe a little bit too much 
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introductory stuff. I felt like most of it was learning how to use the game instead of 
interacting with the game. Other than that it was good.” (p120, 0:10). 
Seven out of 17 participants in the Video Non-Learning Condition initially 
responded neutrally when asked about their general impressions. For example, “…it 
was good, it was thorough, um, maybe a bit too much detailed information… for such 
a short window of time. I think it was laid out quite well.” (p304, 0:13). 
Negative: 
Two out of the 17 participants in the Game Condition made slightly negative 
comments in regards to both the stress in the game and repetitiveness of some of the 
interactions for example, “Stressful, just in terms of trying to assess all the 
problematic areas and trying to fix them before the time limit is up.” (p106, 0:26). 
Nine of the 17 participants in the Video Learning Condition immediately 
responded negatively when asked about their general impressions. For example, 
“When you are learning all these categories with different definitions it’s just like so 
much information, such a short period of time.” (p206, 0:29). 
Eight out of 17 participants in the Video Non-Learning Condition responded 
negatively when ask about their general impressions for example, “The content was 
important but it was dull, hard to maintain attention. So working memory was 
overloaded just trying to remember all the little steps it was going through.” (p306, 
0:10).  
Intrinsic Motivation and Engagement 
The following summary of results is from participants responses to the 
questions of “How would you describe your interest during the activity?”, and “How 
would you describe your enjoyment during the activity?”. This data has been coded 
into the themes of positive, negative and neutral. The purpose of this is to gain a 
greater understanding of the users feelings of “interest and enjoyment” of the 
activity.  
Positive: 
Fourteen out of the 17 participants in the Game Condition commented positively in 
regards to their interest and enjoyment in the game. Participants commented on both 
the interaction and challenging nature of the activity as reasons why they found it 
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interesting and enjoyable, e.g. “It got better and better, because it gets more 
challenging” (p110, 0:29). Comparisons to existing training measures such as text 
and video presentation were also mentioned e.g. “Being able to interact with it did 
make me more interested in it than just watching a video.” (p102, 0:48). 
Only one participant in the Video Non-Learning found the activity somewhat 
interesting and enjoyable, e.g. “Um yeah, it did hold my interest a fair amount 
because it was stuff I previously… um you know especially with the amount of OHS 
training I do at work that was still stuff, like, that hadn’t really been touched on.” 
(p317, 1:57). 
Neutral: 
A participant in the Game Condition gave neutral responses when commenting 
on their feelings of interest and enjoyment for example,  “Moderate I would say. So I 
found it interesting enough, but I had the impression that a lot of the choices were 
really obvious” (p116, 0:35). 
Three out of the 17 participants in the Video Learning Condition made neutral 
comments about the video learning activity in regards to their feelings of interest and 
enjoyment. Primarily these users found the topic interesting, however, the activity 
itself was less engaging, e.g. “I enjoy the information, but it could be done in a better 
or more involving or engaging way.” (p212, 0:40). Only one out of the 17 
participants primarily responded positively when asked about their feelings of 
interest and enjoyment, e.g. “Oh I was pretty interested. I found it interesting for the 
hierarchy of controls in particular.” (p218, 0:38). 
Some participants in the Video Learning Condition felt the need to highlight 
the activities value rather than comment on their feelings of interest or engagement 
for example, “I wouldn’t say I enjoyed the activity. I do see the value in doing it. I 
guess I… um… I do it because I have to see the importance of doing that.” (p210, 
1:05).  
Four out of the 17 participants in the Video Non-Learning made neutral 
comments about the activity in regards to their feelings of interest and enjoyment, 
e.g. “I guess it’s informative. I wouldn’t say its super interesting, but I guess it gets it 
job done.” (p313, 0:25). 
Negative: 
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One participant in the Game Condition found the game activity rather 
“stressful”, e.g. “So it is an interesting activity. But I found it more stressful than 
interesting” (p106, 1:19). 
Fourteen out of the 17 participants in the Video Learning Condition who were 
in the Video Learning Condition made negative comments when asked about their 
feelings of interest and enjoyment. Participants commented on the delivery, e.g. “The 
voice was just reading the slides.” (p213, 0:43), pace, and lack of interactivity 
“There wasn’t any feedback, like I didn’t need to answer any questions or do 
anything.” (p206, 1:10) as reasons why their interest and enjoyment was low. 
One participant’s in the Video Learning Condition comment referred to a lack 
of interaction as a reason why the activity wasn’t as engaging in response to the 
question “How would you describe your interest during the activity?”, e.g. “(p204) 
“Moderate to low. (Interviewer) Anything in-particular that stands out? (p204) I 
wasn't involved in the activity, it wasn't engaging. (Interviewer) What were some 
things that you felt as though you would have liked? (p204) Some kind of 
interaction.” (p204, 0:34). 
Twelve out of the 17 participants in the Video Non-Learning made negative 
comments about their feelings of interest and enjoyment. Comments made by 
participants are reflected in the list below for example, “Pretty low. It was difficult to 
pay attention to. And there was probably too much text to read as well as listen.” 
(p302, 0:39). 
Effort 
The following summary of results is from participants response to the 
questions of “How would you describe the amount of effort you put into the 
activity?”. This data has been coded into the themes of positive, negative and 
neutral. The purpose of this is to gain a greater understanding of the users feelings of 
“effort and importance” of the activity.  
It should be noted that data was only collected for 15 participants responding to 
this question in the Game Condition. It should also be noted that data was only 
collected for 15 participants responding to this question in the Video Learning 
Condition. 
Positive: 
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Twelve out of the 15 participants responded positively in regards to their 
feelings of effort and importance. Participants generally responded that they put a 
moderate amount of effort into the activity once the instructional component of the 
activity was over and the timed, simulation section of the activity started, e.g. “The 
counting down and the being interactive, I put more effort in than I would have 
if I had to sit there and watch a video, like I said.” (p102, 1:18). Another participant 
commented “I actually tried really hard. And because it was fun that wasn't hard to 
do if that makes sense. I tried to be as responsive as I could.” (p115, 2:03). 
One participant in the Video Learning Condition did respond positively to the 
amount of effort put into the activity, e.g. “Pretty high. I did try pretty hard to retain 
the information and get the answers correct.” (p206, 1:59). 
Three out of the 17 participants in the Video Non-Learning Condition 
responded positively to the amount of effort they put into the activity, e.g. “I would 
say quite a bit. I am very interested in that sort of fire side of things so yeah.” (p312, 
1:12) 
Neutral: 
Two of the 15 participants in the Game Condition responded neutrally to the 
amount of effort they put in during the activity e.g. “I wasn’t incredibly invested in it 
because I am not actually going into work.” (p105).  
Four of the 15 participants in the Video Learning Condition responded 
neutrally in regards to the amount of effort put into the activity, e.g. “I would say 
moderate I guess. I was trying to pay attention cause I know there is going to be an 
exam afterwards. So I was trying to remember things as much as possible” (p207, 
1:25). 
Four out of the 17 participants in the Video Non-Learning Condition responded 
neutrally in regards to the effort put into the activity, e.g. “Ah… medium. I did try to 
pay attention.” (p302, 1:06).  
Negative: 
Only one out the 15 participants in the Game Condition negatively commented 
on the amount of effort they invested into the activity, e.g. “Actually not that much 
effort. Just a little bit click and follow. Just following the instructions so wasn’t 
really putting much into.” (p107, 0:55). 
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Ten of the 15 participants in the Video Learning Condition responded 
negatively in regards to the lack of effort put into the activity for example, “I would 
say moderate I guess. I was trying to pay attention cause I knew there is going to be 
an exam afterwards. So I was trying to remember things as much as possible 
but... towards the end of the examination stuff … I felt I was remembering less and 
less.” (p207, 1:24) 
Ten out of 17 participants in the Video Non-Learning Condition responded 
negatively in regards to the effort put into the activity, e.g. “I tried really hard to stay 
focused mostly. That was all my effort was going into that and trying to remember a 
few things in-case I was quizzed on it. But um, it was forced.”(p303, 1:36) 
Value 
The following summary of results is from the participants response to the 
questions of “Do you see value in doing an activity like this?”, and “Do use see this 
activity as useful?”. This data has been coded into the themes of positive, negative 
and neutral. The purpose of this is to gain a greater understanding of the users 
feelings of “value and usefulness” of the activity. 
Game Condition (Value): 
Sixteen of the 17 participants in the Game Condition  made positive comments 
in regards to their feelings of value and usefulness e.g.  “Yes, I think that it is a good 
way to engage people through games. Yeah, but if we just, you know, view a video or 
look at the document. It wasn’t really enjoyable. I think games was quite interesting 
for me.” (p110, 2:23)  
One participant in the Game Condition commented on its value as a 
complementary or replacement training tool to existing OH&S training they had 
received in the past, e.g. “It’s a lot more interesting than filling out a form about 
workplace health and safety or watching a 50 year old video about it” (p105, 2:05)  
Another participant in the Game Condition noted “Yeah, I think, like, 
organisations, if you are training for a job or just over time, or if you are at a job 
somewhere, I think it’s good to learn about these issues you know, you don't think 
about boxes being in the way or you don't always think about these issues, but having 
a chance to interact with it... you think about it more I think.” (p102, 1:32) 
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Some responses to these questions also revealed what the participants in the 
Game Condition had felt they learned from the activity, e.g., “I thought having 
played the game and interacting with stuff and trip over and stuff that made me 
remember stuff a lot better and be a lot more aware of it.” (p103, 2:40) 
Sixteen of the 17 participants in the Video Learning Condition commented that 
they felt the activity was valuable and useful. Some responses pointed to the need for 
this content to be presented to workers to comply with policies and standards, “I can 
see, like, from a legal perspective you know, you have got everyone, at the very least 
everyone has sat through that. So from a legal standpoint you can say well we told 
you because no-one could say, well I slipped or whatever and then from a common 
sense stand point, you could say the employer can assume, everyone knows at least 
this and if they don't then that's their problem and not ours.” (p219, 1:38) 
Eleven out of the 17 participants in the Video Non-Learning Condition 
commented positively on the “value and usefulness” of the activity e.g. “Yes, I see 
why it is there. Well, I see the purpose of it. Well, it is to teach you how to react in 
certain situations that may arise in safety, pretty much in simple terms. Specifically 
fires.” (p311, 2:27) 
Neutral: 
One participant of the 17 in the Game Condition responded with a neutral 
comment, i.e. “Yes and no. I think I think it probably is worthwhile. But I think those 
sort of common sense OH&S things I would hope people have or that if they saw a 
wire on the ground that they wouldn’t trip over it. That they would move the wire. 
Like yeah, so. It’s a bit of a yes and no question. Because I just hope that half of 
those things people would have the common sense to do themselves.” (p113: 2:53) 
Four out of the 17 participants in the Video Non-Learning commented 
neutrally about the “value and usefulness” of the activity, e.g. “No, it is important. 
When you say this specific activity, what it is trying to address is important but if you 
want to think of something that is going to have a retention value I would say, to me 
this screams tick in the box, because I honestly think in a weeks’ time if you would 
ask me this and you are not likely to have a fire in a weeks’ time.” (p306, 3:12) 
Negative: 
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One participant out of the 17 in the Video Learning Condition did comment 
that they didn’t feel the activity was valuable or useful to them as they felt the 
activity primarily taught common sense, e.g. “Me, personally no. I feel this was 
common sense. I feel that many of these situations and scenarios you would either 
have to be blind or mentally deficient that a potential scenario could occur in which 
an event could unfold which is not likely in my endeavours.” (p217, 1:08) 
Two out of the 17 participants Video Non-Learning commented negatively about the 
“value and usefulness” of the activity, e.g. “Pretty broad, well, it has the potential to 
be useful to me, probably not. I have done training like that in the past and it was 
more of a refresher I guess, but I can guarantee in a week time I will forget it.” 
(p305, 1:40) 
Learning from the Activity 
The following summary of results is from the participants response to the 
question of “Do you feel that you learned anything?”.  
15 of the 17 participants in the Game Condition commented positively that 
they had learned something from the activity for example,  “Yeah I did. The 
staircase thing. Yeah and the carpet. Because I have a carpet myself at home and it 
is curved, so that’s why I think, ahh I could apply that to my home as well.” (p110, 
2:49) 
One participant in the Game Condition felt they learned about different 
hierarchy of control terminology and responses, e.g. “Well, I learned all the control 
measures, how they are applied.” (p119, 4:07). Another participant reported they 
learned the different types of hazards that could be prevalent in the workplace, “I 
thought about things I haven’t really thought about before like when you had to 
engineer the stairs to make them a bit more visible.” (p118, 5:29).  
The Video Learning Condition participant’s responses were mixed as to what 
they felt they learned. Ten out of the 17 participants felt they did learn something 
from the Video Learning Activity for example, “Yeah, actually I did. The low light 
thing, like, because I have a, there is a low light problem in one of the facilities I use 
on campus, so now I have some ammunition.” (p203, 1:52) 
Neutral: 
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Some participants in the Game Condition felt they didn’t learn as much as they 
had already known about these topics from previous training, however they 
acknowledged it was a good refresher “Yeah, maybe a little refreshed I guess.” 
(p104, 1:43). 
Eleven out of the 17 participants in the Video Non-Learning Condition 
commented neutrally in regards to learning from the video activity e.g.  “Yeah, I did 
learn, not to say because my memory is so good, but I would not be able to have a 
comprehension on it afterwards. But I am sure I have taken away something from 
it.” (p311, 3:14) 
Negative: 
Two out of the 17 participants in the Game Condition commented that they 
didn’t learn anything from the activity, e.g. “No. Just trying to think if there is 
anything I learned. No not really,” (p113, 4:31). 
Seven out of the 17 participants didn’t feel they had learned a great deal. 
Example comments made by participants are reflected in the list below e.g. “Not 
really. It’s common sense, I think there is a lot of. I already assumed that. Not 
really.” (p216, 2:19) 
One participant in the Video Learning Condition commented on a reason for 
their lack of learning being mainly due to their existing experience with OH&S, 
however, they did acknowledge that these issues became fresh in their mind again, 
e.g. “Not much because I have done similar activities before. So frankly there wasn't 
any new knowledge presented. But yeah, it’s good to get a refresher on it from time 
to time.” (p210, 5:12)  
 Six out of the 17 participants in the Video Non-Learning Condition 
commented negatively in regards to little to no learning from the Video Non-
Learning activity, e.g. “Um. I learnt that there is different types of extinguishers. But 
I couldn't quite tell you what each of them does trying to think about it. All I know is 
you can use the wrong one on different fires you can make things worse.” (p320, 
2:29) 
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Behaviour Change 
The following summary of results is from the participants response to the 
question of “Do you foresee any changes to your own behaviour in the workplace 
after doing this activity?”. 
Positive: 
Thirteen of the 17 participants in the Game Condition commented positively in 
regards to feeling that their behaviour might change from interacting with the game 
activity for example, “I think I might be more aware, more sensitive to OHS, there 
are obvious things, especially when you encounter them yourselves and you trip over 
something but and occasionally you see something and think oh that's an OH&S 
issue. But I think I might be a little more critical if I see something where it’s a bit 
more dark there or something like that, instead of not worrying about it I actually 
might do something about it, where I might not have before.” (p115, 4:10) 
A participant in the Game Condition responded that they were now more aware 
or would be more aware of hazards outside of the workplace, such as at home, 
“Made me think about how I need to change my carpets at home. Because they are 
all trips.” (p105, 3:10). Another participants also reported that they would be more 
aware of their working environment for the benefit of others “Yeah I do. I think I will 
be much more aware about how I leave the place. And whilst working, what can I do 
to make it safer. If there is something that I can do.” (p119, 4:38) 
Ten out of the 17 participants in the Video Learning Condition commented 
positively in regards to feeling that their behaviour might change from interacting 
with the game activity e.g. “… I think I will be more practically aware of managing 
these risks, rather than just assuming that I understand there is a risk and modifying 
my behaviour for it, but making other people are aware and modified in such a way 
that it effects other people” (p202, 2:46) 
Four out of the 17 participants in the Video Non-Learning Condition 
commented positively in regards to feeling that their behaviour might change from 
interacting with the game activity e.g. “Um, yeah, just be more aware. Before I was 
just like, come in and do your job, but now it makes you more aware of what’s 
around and find out what’s around, find out where the actual fire blankets are and 
where they are. Because before you just walk past them.” (p312, 2:23) 
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Neutral: 
Four out of the 17 participants in the Game Condition commented neutrally 
about the unlikely chance of their behaviour changing, e.g. “Probably not because I 
am pretty conscious of it already. But it will probably be in, on my mind a little bit 
more than it has been.” (p104, 2:07) 
Negative: 
 Seven out of the 17 participants in the Video Learning Condition responded 
that they didn’t feel their behaviour in the workplace would change after doing this 
activity e.g.  “No, because again I thought it’s all fairly common sense.” (p216, 
2:48) 
Thirteen out of the 17 participants in the Video Non-Learning Condition 
responded that they didn’t feel their behaviour in the workplace would change after 
doing this activity e.g. “Not this particular one. But this was only focused on 
knowledge around the fire extinguishers and what to use a fire extinguisher on 
predominately, so on a day to day basis I would say no.” (p306, 5:39) 
Motivation to do again 
The following summary of results is from the participants response to the 
question of “How do you feel about doing this activity again in the future?”  
It should be noted that only 14 participants in the Video Learning Condition 
responded to the question of “How do you feel about doing this activity again in the 
future?”. It should also be noted that only 15 participants of the Video Non-Learning 
Condition responded to the question of “How do you feel about doing this activity 
again in the future?”.  
Positive: 
Sixteen of the 17 participants in the Game Condition commented positively in 
regards to feeling that they would want to engage in the game activity game e.g. 
“Sure, I think it is a good thing to repeat. It is good to remind you and it is a fun way 
to get reminded about this stuff.” (p115, 4:42) 
Three out of the 14 participants in the Video Learning Condition commented 
positively in regards to motivation to do again e.g. “I would be happy to do the 
activity again, so long as, um, some of the feedback is taken on board about how it’s 
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delivered. But I think the activity is something I would be more than happy to do 
again.” (p202, 3:07) 
Five out of the 15 participants in the Video Non-Learning Condition 
commented positively in regards to motivation to do again e.g. “Ahh, yep always 
good to refresh safety information, that’s why we do courses every year so to speak, 
so that’s very good. So I would definitely do it again.” (p304, 4:08) 
Negative: 
One out of the 17 participants in the Game Condition commented negatively in 
regards to feeling that they were not motivated do the activity again, e.g. “So, no I 
don't think you should be doing this too many times with people because health and 
safety is really important but if you have too many inductions and too much health 
and safety then it diminishes the quality of the message being broadcast.” (p113, 
5:47)  
Eleven of the 14 participants in the Video Learning Condition commented 
negatively in regards to motivation to do again e.g. “If I had to, if it was mandatory.” 
(p204, 2:32). 
Ten of the 15 participants in the Video Non-Learning Condition commented 
negatively in regards to motivation to do again e.g. “I would rather not if I could if I 
could avoid it.” (p303, 4:06) 
5.6 DISCUSSION 
5.6.1 Demographic Discussion 
The target demographic for this study was typical office-based workers who 
commonly used computers but didn’t necessarily play video games often. The study 
managed to recruit participants who fell into these conditions based on gender, age, 
language and work environment. However, there was a lack of participants over the 
age of 45. Future studies may investigate the use of game-based training activities 
with older audiences, e.g. 45 years and older. Based on the demographic information 
collected, it can be assumed that the majority of participants were familiar with using 
computers and should not have had any difficulty operating any of the training 
activities.  
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Given that almost all participants worked within an indoor environment it can 
be assumed that OH&S accidents and training are common occurrences for the 
participants. This was reflected in some of the qualitative comments made by 
participants about their experiences with existing OH&S training.  Most participants 
had received some form of OH&S training within the last 12 months, likely a part of 
their annual refresher training. Therefore, general knowledge of concepts around 
hazards and potential control measures could be assumed. Almost all participants had 
either experienced or knew someone who had had a workplace accident. The 
importance of this is that most of the participants would at least understand, from 
personal experience, the implications of not attending to hazards in the workplace 
and the importance/value/usefulness of any OH&S training.  
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5.6.2 Engagement Discussion 
Intrinsic Motivation Discussion 
The study set out to explore the following hypothesis: 
H1.a: Playing a game about hazards in the workplace will be more intrinsically 
motivating than an audio-visual video about the same topic. 
The findings with respect to intrinsic motivation support Hypothesis 1a, 
demonstrating that playing a game about hazards in the workplace is significantly 
more intrinsically motivating than an audio-visual video about the same topic. 
Gameplay and interactivity were common reasons why users were interested and 
enjoyed the game condition. Lack of interactivity, feedback, quality and delivery in 
the video activities were aspects that video condition participants noted as issues that 
impacted on their intrinsic motivation. 
The qualitative data collected complements these results as they provided 
insight into features that participants found interesting and enjoyable, such as 
interaction, making decisions and being challenged. Primarily all participants felt 
that it would be good to play the game again as part of the normal refresher OH&S 
training. A common response from participants in the game condition group was that 
they would be more willing to do it again. However, many participants from the 
video conditions felt that it would need to be mandatory for them to do it again, as 
they did not find the activity very engaging. The results indicate that the game 
condition is more interesting, enjoyable and could potentially lead to increased 
motivation to complete the training in the future. From the research in the safety 
industry, we know that as training such as this becomes more engaging, the chances 
of greater knowledge acquisition, reduction in accidents, illnesses and injuries 
increases (Burke et al., 2006). Also, if attitudes and intentions towards performing 
safety tasks are present e.g. intention to repeat safety training, then the overt 
behaviour of performing safety in the workplace is increased (Ajzen, 1991). 
Engagement Discussion 
The study set out to explore the following hypothesis: 
H1.b: Playing a game about hazards in the workplace will be more engaging 
than an audio-visual video about the same topic. 
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The findings with respect to engagement support Hypothesis 1b, showing that 
playing a game about hazards in the workplace is significantly more engaging than 
an audio-visual video about the same topic. Game activity participants commented 
that they felt engaged in the activity and would want to play the game again in the 
future. When initially asked for general comments about the training activity, 
participants who played the game commonly reported that they enjoyed the game or 
had fun. Without any form of prompting, some participant’s even compared it to 
more traditional forms of OH&S training that they had experienced.  
The observed outcomes are what the Serious Core Gameplay Tool (SCGT) is 
designed to achieve. Focusing the core efforts of the player on educational activities 
that align with the learning content to ensure maximum learning and engagement is 
seen to be a solution to some of the design challenges in serious games (Habgood & 
Ainsworth, 2011). It was observed in Chapter 3 that novice game designers can 
struggle to find this balance, as it isn’t always obvious exactly what should be 
designed. The serious game “Catastrophe” outlined in Chapter 4 demonstrated how 
the core gameplay was developed using the SCGT, with the intention of facilitating 
an engaging learning experience. The results of this study demonstrate that the 
serious game was engaging.  
This is in contrast to video activity participants who felt they were not very 
engaged in the activity and were not as interested in doing the activity again in the 
future. Participants in the video conditions felt less engaged. The lack of 
interactivity, feedback and challenge in the audio-visual conditions was noticed by 
users and could be responsible for this the lack of engagement. Other issues affecting 
engagement could have been due to the structure of the video presentation. Multiple 
users commented that there was just too much to absorb in the short amount of time. 
In addition, the use of monotone delivery of the audio was commented on by 
multiple participants.  
Value and usefulness of the training activities discussion 
The study set out to explore the following hypothesis: 
H1.c: Playing a game about hazards in the workplace will be seen as a more 
valuable training activity than an audio-visual video about the same topic. 
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The findings for value do not support Hypothesis 1c, showing that there is no 
significant difference in feelings of value between a game about hazards in the 
workplace and an audio-visual video about the same topic. An interpretation of this 
result suggests that the game could potentially be seen as equally valuable and useful 
in regards to a training activity focusing on OH&S. Qualitative comments from 
groups showed that participants felt that all of the activities were important and 
valuable, as they were all focused on OH&S training. This may result from 
participant’s prior experiences and training on the importance of OH&S. 
Positive Experience 
The study set out to explore the following hypothesis: 
H1: Playing a game about hazards in the workplace will be a more positive 
experience than an audio-visual video about the same topic. 
This hypothesis is confirmed through the collective results of the sub-
hypotheses H1.a and H1.b. Both of these sub-hypotheses revealed that both the direct 
subjective measurement of intrinsic motivation and engagement was increased after 
playing the studied serious game. This was in comparison to a traditional audio-
visual activity (Video Learning) on the same topic and an audio-visual activity on an 
unrelated topic (Video Non-Learning).  
A third sub-hypotheses was also explored, H1.c, that was not supported by the 
quantitative results. This sub-hypothesis investigated the participant’s subjective 
feelings of value towards the activity. While there were not observable differences in 
value scores between each condition, it did not appear to have any impact on the 
participant’s experience. 
The results highlight the need to carefully design interactivity and feedback 
during any digital learning activity. The reduction of these elements could potentially 
have implications for the motivational and engagement outcomes. The design 
decisions taken in this game can be seen to contribute to the positive intrinsic 
motivation and engagement outcomes. These design decisions came about by 
utilising the instructional objective to core gameplay mapping tool. The use of the 
framework ensured the designed game would allow players to make authentic 
decisions, meaningfully interact with the learning material, and receive real-time 
feedback. 
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5.6.3 Learning Discussion 
Knowledge 
The study set out to explore the following hypothesis: 
H2.a: Playing a game about hazards in the workplace will result in greater 
recollection of hazards in the workplace. 
The findings with respect to potential hazard knowledge support Hypothesis 
2a, demonstrating that playing a game about hazards in the workplace results in 
greater recollection of hazards in the workplace than an audio visual presentation on 
the same topic. From this evidence, it can be seen that the game is an effective 
training method to facilitate the recollection of concrete examples of hazards in the 
workplace. 
Some participants highlighted that the game allowed users to recollect more 
specific potential. From this evidence, it can be seen that the game is an effective 
training method to facilitate the recollection of concrete examples of hazards in the 
workplace based on experiences in the game. 
There was no significant difference in Potential Hazard Knowledge between 
the Video Learning and Video Non-Learning group. This may have resulted from the 
fact that participants already had a base level of knowledge about hazards in the 
workplace from existing training and experiences. The refresher video training 
methods, in this case, didn’t significantly improve their knowledge of potential 
hazards. The study was not aimed at collecting data from individuals who had no 
previous knowledge of potential hazards in the workplace; therefore, it cannot be 
determined from this result if the video training method could yield a significant 
learning difference.  
Understanding 
The study set out to explore the following hypothesis: 
H2.b: Playing a game about hazards in the workplace will result in greater 
understanding of hazard control measures than an audio-visual presentation about the 
same topic. 
The findings with respect to hierarchy of controls understanding support 
Hypothesis 2.b, showing that playing a game about hazards in the workplace results 
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in a greater understanding of hazard control measures than an audio-visual 
presentation on the same topic. From this evidence, it can be seen that the game is an 
effective training method to facilitate a greater understanding of how different hazard 
control measures can be applied in different situations. Not only were the 
participants’ understanding of control measures increased but qualitative evidence 
also suggests that the transfer of concepts learned in the game could be applied 
externally.  
Effective Learning Experience 
The study set out to explore primary hypotheses 
H2: Playing a game about hazards in the workplace will result in a more 
effective learning experience than an audio-visual video about the same topic.  
This hypothesis is confirmed through the collective results the sub-hypotheses 
H2.a and H2.b. Both of these sub-hypotheses revealed that both knowledge and 
understanding of hazards in the workplace was increased after playing the studied 
serious game. This was in comparison to a traditional audio-visual activity (Video 
Learning) on the same topic and an audio-visual activity on an unrelated topic (Video 
Non-Learning).  
Behaviour change was not objectively measured; however, questions were 
asked during the interviews about how the training activity may have affected any 
future behaviour in the office. Qualitative comments were fairly similar between all 
three groups, e.g. small amount of renewed awareness of OH&S in the workplace. 
However, the quality of responses from participants who played the game revealed 
that they referred to more specific examples of how they might be more aware of 
hazards and how they might respond to them.  
Based on these preliminary results, it could be argued that this serious game is 
a more effective OH&S training tool than the traditional video instruction training 
used in the study. The benefits to this could result in improved safety behaviour in 
the workplace i.e. accidents being more predictable/avoidable as employees are 
trained to recognise hazards and understand their consequences DeJoy et al., 2000; 
Harvey et al., 2001; Zohar, 2002). However, this would require a longitudinal 
investigation that also included  behaviour change variables 
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Results appear to add support for the effectiveness of aligning instructional 
objectives to core gameplay. The Serious Gameplay Framework and Serious Core 
Gameplay Tool developed for this purpose (see Chapter 4) provide tools for 
systematically creating core gameplay that is an authentic replication of the actual 
decisions that need to be made when responding to hazards. The motivational and 
engagement qualities of this core gameplay ensured players could learn more 
effectively than if they were watching an audio-visual presentation. Core-gameplay 
interactively engages a user in meeting goals through interesting choices, meaningful 
actions and informative and timely feedback. These results highlight the importance 
of such elements within a learning experience. Any learning activities that inherently 
engage the learner in this manner may potentially achieve more effective learning 
outcomes than if these elements are limited or non-existent.  
Serious games present an obvious choice when looking to incorporate goal-
based interactions that involve choice, action and feedback. However, such 
interactions could also be applied to more simplistic forms of instruction, such as an 
audio-visual presentation. This could be achieved by incrementally presenting the 
learner with low fidelity scenarios (images) that require choices to be made after 
each new topic is presented. The design of these choices needs to remain interesting, 
e.g. requiring demonstration of learned knowledge or skill that is somewhat 
challenging and novel. Real-time contextual feedback that goes beyond simple 
yes/no responses could follow a choice being made, ensuring the learner will be 
motivated to make the same decisions again in the future or at least have a greater 
depth of understanding about any mistakes made.  
5.7 LIMITATIONS AND FUTURE WORK 
There were no significant differences in intrinsic motivation, engagement, 
effort, value and OH&S value between the two audio-visual presentation conditions. 
Future studies may look to improve the video activities based on the user feedback 
received such as:  
• Reducing text overload. 
• Pacing the delivery of material so that a wide variety of users can 
adequately absorb the material at either an appropriate pace or their own 
pace. 
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• Using a very expressive and engaging speaker for voice audio. 
• Allowing users to interact with some form content, e.g. making decisions 
during the training using branching scenarios. 
• Challenging users on the core learning objectives. 
• Giving instant feedback to the users after they interact or make a 
decision. 
This may lead to more observable differences between the two conditions. 
Other limitations were in the comparisons made between e-learning forms of 
training. The level of interaction offered in a game far outweighs that found in an 
instructional video. Future comparisons may look at how the game compares to 
existing OH&S serious games with similar learning goals.  
An alternative explanation for the results of the current study is that the 
improved learning outcomes are a result of spending more time with the OH&S 
content in the game condition in comparison to the video condition. However, the 
design of the game and video conditions ensured identical information was delivered 
to participants. The nature of the game-like environment (e.g., control mechanisms) 
meant that it took more time to deliver the content than the video condition. Future 
research may look at matching the condition exposure times between all groups to 
rule out any affect overall time may have had. 
The study was not aimed at collecting data from individuals who had no 
previous knowledge of potential hazards in the workplace. Therefore, it cannot be 
determined from this result if the video training method could yield a significant 
learning difference. Future studies may investigate the difference in knowledge 
outcomes between users with prior OH&S training and those without. The 
engagement and learning results were significant; the results are the only 
representative of a limited breadth of users. Further research would look at widening 
the pool of participants to ensure older users are captured, as well as users who have 
had very limited OH&S training experience. Future research and improvement on the 
study design could aim to measure additional variables e.g. novelty effect, in game 
data, and longitudinal behaviour change, to gain a greater understanding of why the 
game was effective. 
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Another limitation is that the game only gave a small snapshot of what could 
be a much larger and lengthier training activity. While the instructional objectives 
were met, the scope of this study and rigorous requirements of the experimental 
design restricted the number of instructional objectives that could be tested. Future 
versions of the game could explore training in other OH&S topics, such as fire 
evacuation and firefighting tools e.g. extinguishers. 
5.8 CONCLUSION 
The purpose of this chapter was to present and discuss the findings from an 
empirical study aiming to evaluate a serious game. In turn, this evaluation 
contributes in an understanding of the value of using the Serious Gameplay 
Framework and Serious Core Gameplay Tool. The game was aimed at teaching users 
about OH&S concepts in regards to potential hazards in the workplace.  
This chapter first discussed some of the background literature in the field of 
OH&S training and existing serious game evaluation research. Based on this existing 
literature, a between-groups experimental design study was conducted to measure the 
learning and engagement outcomes from playing a serious game in comparison to 
more traditional training activities, such as a video presentation. The study involved 
55 participants who were randomly assigned to one of the three OH&S training 
activities. Learning and engagement results were captured from all participants after 
they had interacted with the training activity.  
This study was able to empirically demonstrate that a serious game based on 
potential hazards in the workplace is capable of facilitating a better learning 
experience than the alternate methods used in this study. Whilst further research is 
required to explore what parts of the game lead to this positive results, the game was 
designed to offer task-based choice and interactivity with the learning content 
through gameplay. The engaging feedback from user choices and actions is also 
important. This outcome also contributes to the credibility of the serious game design 
framework that was the basis of the game. By designing the core-gameplay around 
specific instructional objectives, the game was able to infuse less engaging learning 
content with interesting and enjoyable gameplay.  
This research experiment demonstrates how a serious game can potentially be 
used within an OH&S training context. Furthermore, the results indicate that the 
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serious game is capable of training users in OH&S, while keeping them engaged. 
This can potentially lead to improved understanding/retention of knowledge and the 
ability to transfer this knowledge and skills into many different situations. The results 
of the study contribute to evidence that serious games have the potential to engage 
users, and be useful in facilitating a learning experience. The results of this work also 
highlight the value of the SGF and SCGT design framework and tools used to 
develop the game. 
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Chapter 6: Conclusions 
The potential and usefulness of serious games used for training and 
assessment purposes is leading to a growing demand for their use and development. 
The potential stems from the players feelings of engagement while interacting with 
the playful learning activity. The usefulness can be seen in the evidence 
demonstrating that a serious game can be an effective learning activity.  
This thesis aimed to understand how serious games should be: a) used, b) 
designed, and c) evaluated to meet the desired objectives. The method used to 
couple all of the outcomes and outputs from this thesis was to formulate the Serious 
Gameplay Framework (SGF) to guide the process of serious game design. Building 
the framework required exploring a conceptual understanding of motivation, learning 
and game design. A collection of components, such as tools, processes and design 
techniques make up the framework. The usability of the techniques outlined in the 
framework and the features included within it were iteratively improved through a 
process of allowing undergraduate university game design students to apply certain 
components to serious game design projects. The SGF was also used to develop a 
serious game based on Occupational Health and Safety training. This game became 
the focus of an empirical evaluation study aimed at measuring motivation and 
learning outcomes.  
6.1 Research Questions, Outcomes and Outputs 
Four main research questions guided this thesis: 
• Use: What are the pedagogical strategies found in serious games? 
• Design: What guidance is required during the development of a serious 
game?  
• Design: How can learning objectives be mapped to core gameplay? 
• Evaluation: Can a serious game be more effective than an audio visual 
presentation? 
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The research questions are discussed below in relation to the outcomes and 
outputs. 
6.1.1 What are the pedagogical strategies found in serious games? 
A general lack of understanding of game design and pedagogy is driving a 
need to understand how serious games can be used within an educational context. 
Failure to recognise how a serious game should complement an existing educational 
curriculum can result in reduced effectiveness of the game as an engaging learning 
activity. 
The outcome from investigating this research question was gaining an 
understanding of how different design elements support particular pedagogical 
strategies. This was achieved by using an inquiry tool to analyse existing serious 
games. Common design strategies were found to be structured towards behaviourist 
(drill and practice) or constructivist (puzzle based) teaching and learning approaches. 
This exploratory analysis found that the structure of game elements within 
mathematics and science games takes a behaviourist approach; however, this is more 
evident in mathematics games.  
The primary output from investigating this research question was the 
Gameplay Pedagogy Tool (GPT). Researchers and game developers wishing to gain 
an insightful look at the pedagogical nature of a serious game can use this tool. It can 
help to determine if the game is more behaviourist or constructivist in nature. 
Understanding this can be valuable when looking at either the design of games or 
using them for particular pedagogical purposes, e.g. using a serious game to facilitate 
a deeper understanding of a topic or using it to increase competence through 
repetition.  
6.1.2  “What guidance is required during the development of a serious game?”  
The increased production of serious games leaves design gaps for 
understanding how this type of activity can be designed to meet both the learning and 
engagement goals. The serious games research community has contributed a number 
of frameworks, guides and tools that aim to assist developers in the process of 
creating serious games, and many of these frameworks are valuable contributions to 
this field. However, no one framework was found that brought together all of the 
processes, tools and guides required to design and evaluate a serious game.  
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This research question was addressed by bringing together the processes, tools 
and understanding of the literature into a Serious Gameplay Framework. This 
framework is based on an existing instructional design processes and uses the 
conceptualisation of the literature outlined in Chapter 2 as a basis for understanding 
motivation, learning and game design. This understanding informs the processes 
involved in DESIGNING a serious game. The framework encapsulates the 
motivational, learning and design qualities outlined in Chapter 2. The SGF uses 
design activity guides as the primary method of supporting the design process. These 
guides offer practical advice and examples about how to perform many of the serious 
game design related activities, e.g. conducting an analysis of the user, learning and 
environmental requirements for the project. 
The main outcome from investigating this research question was knowledge 
gained from observing other designers using the SGF. Multiple university 
undergraduate game design students used various versions of the SGF to develop a 
serious game. Iteration of the protocols and templates utilised in the SGF occurred 
due to the lessons learned. This lead to the improved usability and relevance of the 
framework, as well as identifying an important design gap in mapping instructional 
objectives to core gameplay. 
There are practical outputs resulting from the development of the SGF. These 
outputs are guides for design workshops, document templates, investigative protocols 
and design tools. The SGF can be followed and manipulated to fit serious game 
developers own understanding, methods and practices. The contribution of the SGF 
has not only aided the development of multiple serious game design projects, but 
also acts as a guide for future developers. 
6.1.3 “How can learning objectives be mapped to core gameplay?”  
This question came from a particular design issue that was identified in both 
the literature and experiences with students using the SGF as discussed in Chapter 3. 
The design issue resided in the process of transforming learning objectives into 
appropriate core gameplay that could form the basis of a serious game. A design tool 
that guides the development of core gameplay from the ground up with instructional 
objectives in mind was developed to address this issue. The Serious Core Gameplay 
Tool (SCGT) was developed to guide this ground up design approach. 
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The outcome from investigating this research question is an understanding of 
how certain game design elements can relate to components that make up learning 
objectives. By using an inquiry approach, critical design questions can be asked 
about each design element. This leads to a series of answers that can be formulated 
into core gameplay statements and examples. 
The practical output that resulted from this chapter was the SCGT. The SCGT 
offers designers a way to identify, synthesise and embed key instructional objectives 
within core-gameplay, e.g. identifying instructional objectives that can be 
transformed into interesting choices and engaging interaction sequences. It provides 
a transparent process to map instructional objectives to core gameplay activity. The 
SCGT can work alongside existing frameworks, including the SGF. It enables the 
systematic design of core gameplay that embeds educational objectives by using an 
inquiry design process. This investigative design process asks questions relating to 
the core gameplay elements of goals, choices, actions, rules and feedback in relation 
to the instructional objectives. 
Another output of this chapter was the development of a serious game focusing 
on Occupational Health and Safety (OH&S). The purpose of this development 
activity was to test out the use of the SGF and specifically put the SCGT into 
practice.  
6.1.4 Can a serious game be more effective than an audio visual presentation? 
Measuring the effectiveness of serious games is an ongoing challenge. 
Contribution to the research community on effective ways to evaluate serious games 
is of value, as is insight into how to improve future games.  
This research question was investigated by empirically evaluating a serious 
game in a comparative study of two other audio-visual presentations. The empirical 
study involved comparing the learning and engagement results between the serious 
game and more traditional forms of OH&S training, e.g. audio-visual presentation. 
This study was able to provide empirical evidence that a serious game based on 
OH&S is capable of facilitating a better learning experience than traditional methods. 
This is due to its ability to engage, challenge and give feedback to the user. The 
statistically significant quantitative results supported this claim. Qualitative data 
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collected complemented these results proving the effectiveness of the OH&S serious 
game.  
This outcome contributes to the credibility of the SGF that was the basis of the 
game. By designing the core gameplay around specific learning objectives, the game 
was able to transform what is commonly considered a bland and boring learning 
activity into an interesting and enjoyable learning experience. 
This output contributes to the growing body of empirical evidence supporting 
the claim that serious games can be effective training tools. It also provides some 
evidence that using a design process that maps the learning objectives to the core 
gameplay can yield effective results. The methods utilised in this study can also be 
seen as successful methods to use when evaluating a serious game. The research 
demonstrates how a serious game can potentially be used within an OH&S training 
context. 
6.2 Significance contributions 
The research outlined in this PhD thesis significantly contributes to industry 
and research in regards to both serious game design and evaluation. This thesis 
provides a conceptual understanding of how learning and motivation can be affected 
by the design of game elements such as goals, choice, actions, rules, and feedback. 
The implication for serious game developers is that certain design decisions can be 
guided in enhancing a players learning and engagement outcomes based on this 
conceptual understanding. Specifically, thesis contributions include: 
• More effective analysis of the serious games (USE) via the Gameplay 
Pedagogy Tool. 
This thesis contributes to the game-based learning and education research field 
by providing a conceptual understanding of how the game elements (e.g., goals, 
rules) within serious games promote a certain approach to learning (e.g., 
constructivist/behaviourist learning). This understanding also allows for the analysis 
of existing serious games in terms of the underlying pedagogical philosophy. It will 
also allow designers to be more targeted when developing serious games. This 
knowledge is embedded in the Gameplay Pedagogy Tool (see Chapter 2), which 
provides a practical means by which educational practitioners can make informed 
decisions when choosing a serious game for learning purposes. 
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• Clear articulation via the SGF of processes and activities for the DESIGN of 
good serious games. 
This thesis contributes to the game-based learning and instructional design 
research by providing a design processes and associated tools that support the 
development of a serious game via practical guides, templates and tools. The 
implications for both researchers and developers is a start-to-end process that can be 
applied to the design of serious games to ensure they achieve the desired learning 
and engagement goals. The SGF embodies the knowledge developed and provides 
the framework for this process.  
• Effective process for mapping learning objectives to core gameplay. 
(DESIGN)  
The Serious Core Gameplay Tool contributes to the game-based learning and 
instructional design field by providing a means by which learning objectives can be 
transformed into engaging core gameplay by asking critical design questions, e.g. 
goals: “What performance should the learner be able to do?” and mapping those 
answers to game design elements. It can be used by researchers and designers to 
clearly articulate how the game elements of goals, choice, action, rules, and feedback 
will map to the instructional objectives and formulate core gameplay.   
• Effective method for determining the learning and engagement outcomes of a 
serious game. (EVALUATION) 
This thesis contributes to the serious games research and game-based learning 
research field by outlining an effective serious game evaluation method capable of 
capturing both quantitative and qualitative engagement and learning outcomes. This 
method can be replicated by researchers aiming to empirically evaluate a serious 
game and developers aiming to prove their product works. 
An OH&S serious game developed in this thesis demonstrated that traditional 
OH&S training techniques can be improved utilising serious games as a 
complementary medium. Existing OH&S training games have been developed for 
both industry and research purposes. To date, no OH&S serious games focusing on 
slips, trips and falls have been empirically validated as an engaging learning 
experience in comparison to other training methods. These results add credibility to 
the SGF, which the design of the serious game was guided by. 
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These contributions are achieved by building knowledge for the research 
community and enhancing design practice for the serious game development 
industry. However, there are opportunities to add to, and improve upon, these 
contributions. 
6.3 Limitations and Future Work 
The outcomes and outputs from each phase of this research aimed to 
understand the pedagogical purpose of serious games, their design and evaluation. 
This was achieved by providing practical guides, tools and examples. Some 
limitations were present in each phase of the thesis. These limitations provide 
opportunities for future improvement and new research. 
Gameplay Pedagogy Tool (GPT) 
There were some limitations in the use of the GPT (in regards to its reliability 
and usability when used by others, as it has not been empirically evaluated).  Future 
research could investigate its reliability as an analysis tool by allowing others to 
analyse the same set of games and determine if the tool yields consistent results. 
Future research could also investigate the usability of the tool by allowing others to 
use the tool and observing any issues, comments and feedback that arise. Future 
work could also look at how this tool can benefit the curriculum integration of 
serious games and  potentially identify other games not originally designed for 
serious purposes but have been used in an educational manner. 
Serious Gameplay Framework (SGF) 
There were some limitations in regards to the SGF in its current form. While 
the SGF was trialled with undergraduate students as a means of iterative refinement, 
future research may study the use of the framework using a more controlled 
experiment environment. This method could be similar to a methodology used by 
Arnab and colleagues (2014), i.e. comparing the SGF against another existing serious 
game design framework and assigning each framework to different groups of users. 
The SGF could be compared to existing serious game design frameworks. Another 
opportunity for future research could be to observe the use of the SGF by 
professional, serious game developers working on industry projects. This would 
ensure the framework is relevant to both research and industry needs. Exploring how 
the framework could be extended to consider the integration into, or gamification of 
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an existing learning environment is an avenue for future work. There are also certain 
aspects / missing design activity gaps still remain in the SGF that can seen as future 
avenues of extending the framework e.g. investigating the personalisation of learning 
based on their cognitive requirements, knowledge, and psychological preferences.   
Serious Core Gameplay Tool (SCGT) 
There were limitations on the use of the SCGT. These limitations were similar 
to those found with the GPT. Future research would investigate the reliability of the 
tool and the usability by others also trying to map learning objectives to core 
gameplay. An exploration could also investigate how core gameplay can be mapped 
to a user’s knowledge or cognitive requirements. Other future work could also look 
at how this tool may be used to fill gaps found in other serious game design 
frameworks. The extended use of the SCGT in a variety of projects could then lead 
to observations of how other serious games have been influenced by this work.  
Catastrophe 
There were limitations in the scope of the OH&S game developed. Due to the 
constraints of the thesis, only 10-15 minutes of gameplay was developed, focussing 
on the topic of slips, trips and falls. However, future research and development could 
see that the OH&S game covers many of the typical OH&S topics, such as 
evacuation and firefighting equipment. The quality of the game was also limited due 
to the scope of the thesis. Future development may see that the game is more 
professionally developed for use by the wider industry.  
Evaluation Study 
There were limitations in the methodology of the empirical study in Chapter 5. 
Observations from the study revealed the video interventions could be improved, e.g. 
layout, interactivity and audio. There were also limitations in the number of learning 
objectives investigated (e.g. only those associated with slips, trips and falls) and the 
participant sample size. Exposure time to each condition also varied slightly, which 
could have some affect on the reported outcomes. Future research would look at 
testing more learning objectives (extension of the game) and a larger, more varied 
sample size, as well as aligning the condition exposure time between each condition. 
Furthermore, this study aimed to understand if the serious game had a positive effect 
on users, but did not shed light as to the reasons why. Further research could look at 
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more complex data collection measures to understand what parts of the games 
design/mechanics actually lead to the desired educational effect.  
This thesis aimed to explore the use, design and evaluation of serious games. 
As a result of this exploration, a number of significant contributions were made, such 
as the Gameplay Pedagogy Tool the Serious Gameplay Framework, Serious Core 
Gameplay Tool, a serious game on OH&S, and empirical results validating the 
OH&S game as both more engaging and more effective as a learning experience than 
the existing training method. It is hoped that these significant contributions to the 
serious game research community can be built upon in the future to support the 
increasing demand for serious games in the industry. It is also anticipated that 
readers of this thesis will have gained a new perspective of serious games, and will 
be able to apply the techniques produced in the design and evaluation of serious 
games. 
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Appendices 
Appendix A 
Analysis 
The purpose of the analysis pack is to guide the analysis phase of the serious game project 
through the many stages and activities. Users of the pack can spend time going through the Topic 
Understanding Document and attempting to answer the questions in the document and fill in the 
information required. Introducing the Analysis pack can be completed in an introductory 
workshop with other developers on the team. Any questions that can’t immediately be filled in 
should be researched over the proceeding days. Stakeholder interaction after the overview 
activity is often required to gather answers to important analysis questions. 
Serious Gameplay Framework (SGF) Overview V2 
Description: 
The purpose of this workshop is to communicate the background and intentions of the Serious 
Gameplay Framework (SGF). Primarily this content stems from the work conducted in the this 
thesis. Therefore, this workshop is a recap of the outcomes of the thesis and produced 
framework. The workshop is expected to run for 30 mins and can be repeated if needed.  
Outcomes: 
The primary outcome of this workshop is to give enough background information to kick-start 
the project. This workshop would be followed by a more intensive workshop discussing the 
Analysis phase of the project. After this workshop, developers should have a general 
understanding of the steps that need to be taken in order to develop a serious game. 
Outputs: 
No real outputs are expected from this workshop. 
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Agenda 
1. Introductions 
2. The Serious Gameplay Framework (SGF) 
3. Background theory (Learning, Motivation, Game Design) 
4. Design activities, processes and tools 
5. Game development cycle 
6. How to use the framework 
 
Topic Understanding Overview V2 
Description: 
Developers spend time going through the Topic Understanding Document and attempting to 
answer the questions in the document and fill in the information required. The workshop is 
expected to run for 1 – 1.5 hrs and can be repeated if needed. Any questions that can’t be 
immediately filled should be researched over the proceeding days. Client interaction after the 
workshop is often required to gather important analysis answers. 
Outcomes: 
The primary outcome of this workshop is to kick-start the investigative process of understanding 
and comprehending the topic that will be the focus of the serious game. After this workshop, 
developers should have an understanding of the steps that need to be taken in order to conduct a 
thorough investigation and how to consolidate the information to be used in future design 
activities. 
Outputs: 
It would be expected that some parts of the Topic Understanding Document would start to be 
filled out with the existent knowledge of the topic. The goal is to add continually to this 
document by collecting information from the field trips interviews, task observations and 
research activities. 
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Agenda 
7. Introductions 
8. Topic Understanding Document summary 
9. Initial Design Brief 
10. What do I already know about the topic 
11. Topic Resources 
12. Who is the focus? 
13. The purpose of the Game? 
14. Collating knowledge on the topic 
15. Client Interaction 
16. Field Trips 
17. Interviews 
18. Task Observations 
19. Research  
20. Demographic Information 
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Topic Understanding Document V2 
• Project Title 
• Initial design brief: 
Example: The client (Brisbane State School) contacted us to develop an educational game aimed 
at teaching math’s skills to Tweens (pre-teen children). They specifically asked to target the 
mathematical concepts of numeracy skills and requested if possible, for the games to be played 
on current generation tablet devices. 
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• What do I know? 
What I think I know 
Write down everything you know about the topic. (Content Dump) 
Numeracy skills can be multiplication, subtraction, division and addition. 
There are a number of different ways to count. 
 
    
    
    
    
    
    
    
    
Use this table if you think it helps organize the things you know into categories. 
 
Paste images collected or draw diagrams. 
 
What resources will help me find out more? 
Fill in each bullet point with a list of available research resources that you plan to use. 
• Academic publications and books 
o Publication a 
• Industry Experts 
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o John Doe – Educational expert, Queensland department of education 
John.Doe@QDE.Gov.au 
• Interviews, email 
o Emailed information from Client and course coordinator 
• Layman’s material  
o I saw a great documentary on SBS about mathematics 
o My dad mentioned a book about cats 
• Websites, documentaries 
o I saw an advertisement while on YouTube. 
• Wikipedia 
o According to Wikipedia, cyber bullying is “asfdsafdsdA” 
http://en.wikipedia.org/wiki/Grumpy_Cat  
• Who is the Focus? 
Who is the target demographic? 
Fill out the following profile information on a typical player: (Example data included) 
• Fake name (this will help later) 
o Sam 
• Age 
o 12 
• Gender 
o Male 
• Nationality 
o Australian 
• Cultural upbringing (Religious?) 
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o Does not go to church, has no strong cultural beliefs 
• Likes to play (What are the top games played by this person) 
o Pokemon  
• Likes to do in their spare time (What does this person do when they not at work/school) 
o Play games on his 3DS XL 
• Technology familiarity (Have they ever used an iPad, computer etc.) 
o Uses Dads iPad 
o Uses the family laptop 
• Game familiarity (do they regularly play games, e.g. how many hours a week) 
o Plays games 10-12 hours a week on the 3DS, computer and iPad. 
• Time available for games? 
o Only allowed to play for 2 hours a day 
User Story: 
In this user story, use the information you collected in the profile to construct a few sentences 
that describe each typical user. e.g. 
Sam: 
Sam is a typical 12-year boy growing up in Australia. When he is not at school, Sam spends as 
much time playing Pokemon X&Y on his Nintendo 3DS XL. Sam’s parents allow him to play 
his 3DS for 2 hours each day, but only after he has finished his homework. Sam is familiar with 
using most technology in his house such as his dad’s iPad, the family laptop to play games and 
look up things on the internet.  
If you find that you are putting in multiple answers for each bullet point, create a new profile for 
that person, e.g. you may have two/three profiles that spread across 12-year-olds (one female 
gamer, one male gamer and one male/female who rarely plays games). 
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What does the user already know? 
• Assume 
o Sam has gone through a state school system 
o Same would be passing his tests that are outlined in the Australian National 
Curriculum 
o Sam would know the basics of Numeracy skills but may struggle with using them 
in more complex scenario 
• Expert opinions or (test a sample of the population) 
Talking to experts about current or expected standards may help. 
What should the user know, understand, or be able to do by the end of the game? 
• The client wants students like Sam to be obtaining higher than average marks on 
Numeracy tests. 
o What is considered higher than average? 
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• What do I have to work with? 
What resources do we have? 
• People 
o Artist – Tony 
§ Tony.h@qut.edu.au 
§ 04155557651 
§ Steam name: TonZilla 
§ Skype Name: TonZilla69 
§ Tonzilla@gmail.com (Google hangouts and GoogleDrive) 
o Programmer – Joanne 
o Designer – Tim 
o Generalist - Edwardo 
• Tools 
o Hardware 
§ Each team member has their own laptop 
o Software 
§ Each team member has a free copy of Unity mobile 
§ Artist has an educational copy of Maya 
§ Programmer has an educational copy of Visual Studio and MonoDevelop 
§ Handy Person has access to Photoshop at university 
§ Designer has their own copy of Microsoft office 
• Place to work 
o Google Hangouts 
o University library 
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o P Block Lab 
§ P834 all day (Every Monday & Friday) 
• Assistance 
o Contact details of people who will assist us 
o John Doe – educational games specialist 
§ email@research .com 
o Jane Doe – Learning and Teaching Director 
§ Researcher@Research.com  
What constraints do we have? 
• Budget? 
o Student budget (doesn’t really apply for a course situation) 
• Deadline 
o 4th Sep (Week 7) Client Milestone pitch 
o 23rd Oct (Week 13) Client Milestone deliverable 
• Hardware constraints 
o What device or platform is this aimed at? 
§ PC? 
§ iOS? 
§ Android? 
• User play time 
o The client has expressed that this game will be played during class time for up to 
an hour a week, but it is expected that the students will want to play the game at 
home in their own spare time. Parents may be more lenient on daily game time if 
learning outcomes are clear, e.g. an extra hour of game time may be added each 
day. 
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• What is my purpose? 
• What is currently being used? 
o In class work 
o Online maths games 
o Current iPad games 
• What works/doesn’t 
o Engagement levels in class are low 
o Engagement levels using iPad games are high, but the outcomes are unclear. 
• Current learning objectives, goals? 
o Learning objectives found in class curriculum 
• How is this content currently being assessed 
o In class assessment 
o Multiple choice exams 
o In-game in the iPad games. E.g. answering question correct gets you points 
• How do users currently get help 
o Users can ask assistance from their teacher 
o Users can ask assistance from their parents. 
How can I most effectively use games to enhance the identified issues? 
“Don’t have to answer this just yet, but it is a general statement or goal that you should aim to 
achieve using an educational game.” 
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• Representing the knowledge 
Try to find common themes in the knowledge or skills that the user needs to be able to do in the 
game, or replicate outside of the game. There are a number of ways that knowledge can be 
represented and organized into coherent themes. Not all knowledge can be put into a mind 
map/concept map. Most knowledge can be organized into tables. 
Table 
Multiplication Subtraction Division Addition  
Adding two 
numbers together 
n times. 
Subtracting one 
number from the 
other. 
   
     
     
     
 
Mind Map 
Mind maps (see Figure ) are a common technique that can be used to visualise and organise 
relevant concepts around the topic being studied.  
• Use mind mapping software. 
• Mind Meister 
• Gliffy 
• Google Drawing 
• FreeMind 
• Bubble.us 
• CMap 
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Figure 35: Example Concept Map 
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• Client Interaction 
Fill out as much of the document as possible. Once you have collected as much detail as you 
possibly can then organize a meeting with the client. This serves two purposes. 
Confirm your research is accurate. 
• Make sure you condense and summarise your facts to a point that the client can 
quickly skim over and point out any misconceptions. Use clear and simple tables, 
mind maps, concept maps or bullet points to outline what you think you know. 
• More research 
• The client will be able to answer questions in an instant that might have taken you 
weeks to research. 
• Only the client may hold the answer to some questions. 
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Field Trip Guide V1 
The purpose of field trips is to understand the topic in its naturalistic context and to set e.g. a 
serious game about diagnosing patients in a hospital waiting room would require multiple field 
trips to hospital waiting rooms.   
• Agenda or schedule 
Where possible it is best to clearly communicate the intentions and schedule of any activities 
taking place on all parties involved e.g. Sending an agenda/schedule to the site manager, 
participants and any other persons who may be involved in the analysis. This should be finalised 
and sent at least 24hrs before the field trip visit. However in some cases an agenda may need to 
be finalised weeks before the day to ensure employees can be rostered time off to participate. 
Also, it helps to be prepared for the unexpected. Questions to ask yourself in preparation are: 
- What happens if a participant does not show up? 
- What happens if some important equipment stops working? 
- What happens if you cannot spend the full amount of time with the participant that you 
planned for? 
- What happens if there is an emergency? 
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• Permission and Consent 
• Employee and Workplace Access permission letter 
Subject Title:  (Project Title) 
 
Dear (Letter recipient) 
 
My name is _________ from _________ and we are conducting a task analysis of current (topic 
or company) jobs. The focus of this analysis is to interview and observe (topic or company) in 
regards to the tasks they perform. I would like to invite (company) employees to be 
interviewed/observed while they work and demonstrate their (job) skills. With your approval, 
this analysis will occur over a number of days within the (Company) employee workplace, e.g. 
(Job Location). For each invited (Company) employee the analysis may consist of: 
• 1 survey (10 mins) 
• 1 individual interview (30 mins) 
• 1 demonstration session (30 mins - 1 hour) 
• 4 hours of unobtrusive observation for each participant. These observations would in no 
way effect or distract the employee whilst they are working.  
 
If you do give permission for (Company) employee is to be invited to participate in this task 
analysis, please enter your details below and sign. 
  
“I give ____________  permission to invite employees at (Company) to participate in this task 
analysis.” 
 
 
Name:________________________ 
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Job Title/Position:_________________________________________ 
 
Email:____________________________________ 
 
Phone:___________________________________ 
 
Signature:__________________________________ 
 
 
 
Many thanks for your consideration of this request. 
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(Company Name) 
PARTICIPANT INFORMATION FOR SERIOUS GAMES 
PROJECT 
(Project Title) (Topic) Analysis 
Description 
The purpose of this analysis is to explore what makes a quality (topic/job) process. The 
knowledge gained from the analysis will help with the development of future digital training and 
assessment tools in the (Topic) industry. As part of this of analysis, we would like to use 
multiple forms of data collection such as survey, interview and task observation to gain a better 
understanding of (topic/job) processes. You are invited to participate in this project as you have 
been recognised as knowledgeable on the topic of (topic). If you agree to participate, you are in 
no way being judged on your performance, knowledge or competency within this area. 
Participation 
Your participation may consist of the following activities; filling out a demographic survey, 
answering questions in an interview, demonstrating specific tasks while being observed.  
Survey: The short survey will consist of multiple questions that are aimed at collecting your 
demographic information such as age, gender, and the highest level of education. There are also 
questions relating to your experience with things such as technology, (topic/job) experience. This 
survey should only take 10 minutes to fill out. 
Unobtrusive observation: During the unobtrusive observation we will be silently and un-
obtrusively observing you perform your job, e.g. we will have no contact with you while you 
perform your job other than being in the same room. You will not be required to perform your 
job any differently, in fact, it is best if you forget we are observing you. These natural 
observations will occur at key points during your typical working shift. It is expected that we 
will observe you for approximately four hours. We will seek your consent if this time is 
extended, and inform you when we are starting and finishing. 
Demonstration Observation: During the demonstration observation, you will be asked to 
perform tasks that are common to (topic/job). This will occur within your natural working 
environment or a simulated environment if necessary. During this demonstration, we will ask 
you also to talk out loud so that we can understand what you think while you perform the tasks. 
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As part of the observation, we will place a video recording device at an appropriate angle and 
position to where you are standing. We will also ask that you wear a portable camera device on 
your head to pick up your view the task. This task demonstration will take approximately 30 
minutes of your time. 
Interview: During the interview, we will be asking you a series of questions relating to 
(job/topic). 
Example Questions: 
“In a few words, explain your job.” 
“What is your motivation on the job?” 
“How does your experience influence your ability to perform the task?” 
The interviews will be held in a quiet room/area near the location of your natural working 
environment or be conducted remotely via a phone call. This interview will be audio recorded 
and should take approximately 30 min. Your participation in this project is entirely voluntary. If 
you do agree to participate, you can withdraw from the project without comment or penalty. If 
you withdraw, on request any identifiable information already obtained from you will be 
destroyed. Your decision to participate or not participate will in no way impact upon your current 
or future relationship with (serious game company). 
Expected benefits 
It is expected that this project will not benefit you directly. However, it may benefit future 
training and assessment in the (topic) community. 
Risks 
There are minimal risks associated with your participation in this project. These include time 
taken away from work as well as interrupting others within the working environment. To manage 
these risks we will be seeking prior permission from relevant administrators and clearly 
communicating our intentions to anyone who may be interrupted by the analysis. 
PRIVACY AND Confidentiality 
All comments and responses will be treated confidentially unless required by law.  The names of 
individual persons are not required in any of the responses. 
 206 Appendices 
 
The video recordings will be used as reference material during the development of future training 
and assessment tools. These recordings will be kept on secure backup devices, on (Company) 
servers and will only be accessible to members of the research and development team. You will 
not be able to participate in the project without being audio, and video recorded. The recordings 
will not be used for any other purposes. Unless otherwise requested, you will not verify your 
comments prior to use by the development team.  
 
Please note that non-identifiable data collected for this project may be used as comparative data 
in future projects or reported in publications. 
 
Consent to Participate 
We would like to ask you to sign a written consent to confirm your agreement to participate. 
 
Questions / further information about the project 
If have any questions or require further information, please contact one of the research team 
members below. 
 
(Researcher Details) 
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STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
• Have read and understood the information document regarding this project. 
• Have had any questions answered to your satisfaction. 
• Understand that if you have any additional questions you can contact the research team. 
• Understand that you are free to withdraw at any time, without comment or penalty. 
• Understand that the project will include an audio and video recording. 
• Understand that non-identifiable data collected for this project may be used as 
comparative data in future projects. 
• Agree to participate in the project. 
Name  
Signature  
Date   
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(Company Name) 
PARTICIPANT INFORMATION FOR SERIOUS GAMES 
PROJECT 
(Project Title) (Topic) Analysis 
 
 
 
I at this moment wish to WITHDRAW my consent to participate in the research project named 
above. 
 
I understand that this withdrawal WILL NOT jeopardise my relationship with (Serious Game 
Company/Research Establishment) or (Company). 
 
 
 
 
Name  
Signature  
Date   
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• Task Observations 
Task observations involve observing individuals performing the task that the serious game is 
aimed at teaching or assessing. These task observations can be obtrusive (requesting the 
individual to talk aloud and discuss what and why they are performing the actions). The 
observations can also be un-obtrusive, i.e. silently observing the individual performing the task 
either without their knowledge or without interfering with the process.  
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• Task Demo Protocol 
Checklist 
o Consent form filled out 
o Room prepared 
o Demonstration materials ready 
o Video Camera works, is charged, is attached and is connected to mobile device. 
o Video camera works, is charged and is in position 
o Participant details filled out 
Introduction 
“Hi my name is ___ and I have invited you here today to talk about your job and for you to show 
me how you perform certain tasks within your job. I am not here to judge you or the way you do 
your job; I am here purely to get a greater understanding of what it is you do. The information I 
gather from you today will help my team, and I develop a digital assessment simulation aimed at 
assessing certain competencies required to be work in your role.  
I have attached a digital recording camera to your head. Do you feel any discomfort? I would 
like you to talk-out-loud whilst you demonstrate your tasks to me. This is to ensure I can 
understand what you are thinking whilst you perform each task.  
Let’s first do a practice. I would like you to pick up this water bottle and find out where it was 
bottled and then tell me the id code under the lid. Whilst you do these two tasks, remember to 
talk-out-loud and tell me exactly what you are doing whilst you do it. 
Now I would like you to talk-out-loud whilst you perform your normal working tasks. To make it 
easier, you can take your time or slow down your working tasks. The main goal here to give as 
much detail about how and why you perform the working task the way you do.” 
 
If time permits and the participant has finished the primary task, these following questions 
could be asked and demonstrations shown. 
 (these are not completely necessary but will help in identifying the specifics of each task) 
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Correct Process 
Demonstration 
• Show me and talk me through the correct process taken to complete this task? 
• Show me some strategies do you use to perform this task? 
o e.g. techniques developed with experience, rule of thumb standards, hidden areas. 
• How much effort or concentration is required to perform this task? 
 
Incorrect Process 
Demonstration 
• Show me and talk me through incorrect process errors made during this task? 
Questions 
• What happens if this task is performed incorrectly? 
• How do you tell between a good performer and a bad performer of this task? 
 
General 
• How long does it take to perform a task? 
• How many times do you perform that task? 
• What items are required to perform that task? 
Does this task require collaboration or assistance? 
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• Unobtrusive Observation Protocol 
Checklist 
o Consent form filled out 
o Permission to observe  
o Room prepared 
o Video camera works, is charged and is in position 
o Note taking materials ready 
o Participant details filled out 
What to observe: 
o Objects used during the task. 
o When an item is picked up and put down (if video is not available, this will allow us to 
estimate average task times) 
o Pause moment (when the participant breaks the normal working task pattern to pay more 
attention to something) 
o Task patterns (where on the item do they search first) 
o Customer or Colleague interaction 
o Everything (keep an open mind and observe as much as possible)
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Time Description 
 Start Observation 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
Time Description 
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• Task Interview Protocol 
Checklist 
1. Consent form signed 
2. Room prepared 
3. Details filled out in 
4. Recorder is ready 
Introduction Script 
“Hi my name is ___ and I have invited you here today to talk about your job. More 
specifically the tasks you do in your job. I am not here to judge you or the way you do your 
job, I am here purely to get a greater understanding of what it is you do. The information I 
gather from you today will help my team and I develop a digital training and assessment tool 
aimed at assessing certain competencies required to perform tasks involved in your job. 
Do you have any questions or concerns about the interview?” 
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• Task Interview Questions: 
What is your job title. 
1. In a few words what is it that you do? 
2. What is your motivation on the job? 
3. In a few words, explain the work culture in your environment. 
4. Are there any special job demands? (extended hours, time pressure etc.) 
5. What are the three most important tasks you perform in your job?  
 
“Specific to the most important task” 
6. How long does it take to perform the task? 
7. How many times in an hour do you perform that task? 
8. Does this task require assistance or collaboration? 
9. What items are required to perform that task? 
 
Present pen and paper 
10. What is the process taken to complete this task?  
1. (Might need materials or paper to write it down.) 
11. How does your experience influence your ability to do the task? 
12. What techniques/rule of thumb do you use during this task? 
13. How would you identify someone competent at this task? 
14. What would make someone not competent? 
15. What are the ramifications for not completing this task correctly? 
 
“Thinking about the job as a whole.” 
16. What skills are required to be competent at the job? 
17. What level of skills is required to be an expert at the job? 
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18. What knowledge is required to be competent at the job? 
19. What level knowledge is required to be an expert at the job? 
20. Do you know of any key performance indicators that are used in promotion or 
feedback on your job? 
19. Is there anything you think I may have missed or is important to know about 
your job?  
20. If given one super power to do your job more effectively, what would it be? 
“Thank you very much for your time. Your comments today will help us develop an 
assessment tool that accurately reflects and simulates your job.” 
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Notes 
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Time Description 
 Start Observation 
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• Demographic Questions 
AN_1_6 Demographic Survey / Interview Questions 
 
Unique ID:_____________ Job Title:_________________________________________ 
 
Age:_________  Gender: M / F 
 
 
What is your highest level of education? 
 
_________________________________________________________________________ 
 
Job Specific: 
 
What are the three most important tasks in relation to your job? 
 
1. _____________________________________________________________________
___ 
 
2. _____________________________________________________________________
___ 
 
3. _____________________________________________________________________
___ 
 
 
How long is a typical shift? __________________ Hours 
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How long have you been performing your job?  ______ years 
 
 
How many hours a week do you use a computer e.g. mouse & keyboard PC?  
 
_____________ Hours 
 
 
How many hours a week do you play electronic games? (E.g. PC, Xbox, iPad games) 
 
_____________ Hours 
 
What prior experience or qualification did you need for this job? 
 
What were your last three previous jobs? 
 
1. __________________________________________ 
 
2. __________________________________________ 
 
3. _________________________________________ 
 
 
6. How long have you been part of your current job industry? _________ years 
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Appendix B 
Design 
The purpose of the design pack is to guide the game design phase of the serious game project 
through the many stages and activities. Users of the pack can spend time going through the 
process of mapping learning objectives to core gameplay using the Serious Core Gameplay 
Tool (SCGT), formulating that core gameplay into cohesive game concept and then 
documenting the in-depth details of the serious game in the design document.  
Design Pack 
Learning Objective to Core-Gameplay Workshop V1 
Developers will spend time discussing core-gameplay activities that would suit the previously 
listed learning objectives. These discussions will form the core ideas of many different game 
ideas that will be refined in future concept activities. It is during this workshop that the 
learning objectives will be discarded until there is a core, related set that fit well with 
gameplay. 
Outcomes:  
The outcome of this workshop will be to formulate conceptually core-gameplay activities that 
match well with a select few learning objectives. It is important that learning objectives that 
clearly are either weak, out of scope or highly difficult to match with gameplay be 
disregarded so that attention can be focused on the learning objectives that will work. 
Outputs:  
Developers should walk away with some core-gameplay ideas written down next to learning 
objectives in the Core-Gameplay to learning objective tool. It is important that at least 2-3 
core-gameplay ideas are written down to be used as a reference for any new and revised 
design work performed. These gameplay ideas should be refined to the point where 
storyboards can be developed in future design activities. 
Agenda: 
1. Introduction 
2. Learning Objectives Review 
3. Learning Objective breakdown into Core-Gameplay Elements 
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4. Core-Gameplay Concept development discussion 
5. Core-Gameplay idea consolidation 
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Serious Core-Gameplay Tool V1 
The learning objective to core-gameplay tool is designed to assist with the conceptual 
merging of game learning objectives into engaging core-gameplay ideas. Designers can use 
this inquiry tool to drive the design of core-gameplay based on the learning objectives, 
interaction design and gameplay requirements. These questions are aimed at investigating the 
desired outcome of performing a task at a level of competency. The answers then form the 
building blocks of the goals, choices, actions, rules and feedback. The following section 
outlines how this design process was used to map one instructional objective to core-
gameplay. 
Example use of the tool is found below. 
Goal 
Question Real Life Game 
G1: What performance 
should I be able to achieve? 
(Mager, 1997) 
Respond to hazards by 
applying different control 
measures. 
Respond to hazards by 
applying different control 
measures. 
 
Choice 
Question Real Life Game  
CH1: What can I do, and 
what are my alternatives? 
(Norman, 2013) 
Determine the ideal control 
measure/s to apply from the 
list of existing control 
measures. 
At least 2-3 meaningful 
choices/control measures 
available to the player.  
CH2: How is the possibility 
of choice conveyed (Salen 
& Zimmerman, 2004)? 
The perceived affordances 
of objects in the 
environment and the 
internally imagined actions 
taken with objects not 
currently present. 
Menu of buttons with each 
available control measure 
present. Menu buttons will 
have tool tips to identify the 
future effects it will have. 
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Action 
Question Real Life Game 
A1: What series of action 
(verbs) will indicate I am 
making a choice? (Adams, 
2013; Mager, 1997; 
Norman, 2013) 
Series of steps that 
represent applying a 
particular control measures.  
Click the hazard, then click 
the control measure button.  
 
Rules 
Question Real Life Game 
R1: (Speed) How quickly 
do I need to make my 
choice and perform the 
actions to achieve my 
desired goal? (Mager, 1997) 
Respond to a hazard as 
soon as it identified 
visually.  
Respond to a hazard as soon 
as it identified visually.  
R2: (Accuracy) To what 
degree or level of precision 
do I have to demonstrate to 
achieve my desired goal? 
(Mager, 1997) 
One or more control 
measures will reduce the 
level of risk. 
One or two control 
measures out of the six will 
significantly reduce the risk 
of a hazard injuring an 
NPC.  
R3: (Quality) What 
standards/criteria do I have 
to meet whilst I perform the 
actions to achieve my 
desired goal? (Mager, 1997) 
Apply the correct ordering 
of control measures based 
on an evaluation of the time 
a control measure might 
take to perform. 
Evaluate what controls 
should have been chosen 
first based on each hazard, 
e.g. higher order controls 
may not always be the ideal 
first response. 
R4: (Conditions) In what 
conditions will my 
performance occur? 
Real office environment, 
presented with a real 
Simulated 3D office 
environment presented with 
simulated hazards and 
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(Mager, 1997) hazards and workers. workers. 
R5: (Constraints) What 
can/cannot I use while 
making a choice performing 
the actions? (Mager, 1997) 
Can’t use reference 
material. Could ask for 
assistance if hazards cannot 
be immediately eliminated. 
Can’t use interactive safety 
reference material. 
Assistance could be 
provided when making and 
applying a choice. 
 
Feedback 
Question Real Life Game 
F1: What is the result/new 
state of the environment 
once the choice and actions 
are made? (Salen & 
Zimmerman, 2004) 
A hazards risk will 
increase, decrease or remain 
the same.  
The chance of an NPC 
being injured will increase, 
decrease or remain the 
same.  
F2: How do I know I made 
the correct/incorrect 
choice?(Norman, 2013; 
Salen & Zimmerman, 2004)  
Feedback to convey a 
correct choice is often 
implicit. Incorrect choices 
are often explicitly 
conveyed through injury 
reports or workplace 
announcements. 
Audio-visual effects, and 
removal of the hazard will  
convey that the player made 
correct choices. 
Injured NPCs and end game 
scores will convey incorrect 
choices. 
F3: How will this affect my 
choices in the future? 
(Salen & Zimmerman, 
2004) 
Without clear, explicit 
feedback or relevant prior 
knowledge, my future 
choices will likely remain 
unchanged. 
Immediate and delayed 
explicit feedback will 
encourage the player to 
makes correct choices when 
presented with similar 
situations. 
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Concept Development Pitch Overview V2 
Developers spend time consolidating the ideas generated in the Learning objectives to Game 
Challenges Workshop. Story boarding is a key design activity within this workshop as visual 
representations of game ideas will ensure there is visual material to work from when 
developing the concept pitch materials.  
Outcomes:  
Developers clear and conceptualised vision of what the fundamental gameplay will be. This 
helps to unify any further decision discussions as there is a tangible image/reference to point 
to when discussing game mechanics, gameplay or possible design challenges. The aim is to 
start the process of developing materials that may be used in a concept pitch to potential 
clients and stakeholders. Where possible there should be two to three or more different game 
ideas storyboarded. It is important to pitch more than one idea to ensure the breadth of 
creative design options can be explored. 
Outputs:  
Digitised and annotated storyboards that visualise key moments and interactions in the game. 
These storyboards do not have to cover every single level or moment in the game. A vertical 
slice approach could be used where the middle section of a game most exciting, player has 
access to most features/weapons in the game and faces a significant level of challenge that is 
representative of what the rest of the game would challenge the player with.  
Agenda: 
1. Introduction 
2. Concept Overview 
3. Storyboard Core-Gameplay Idea 1 
4. Storyboard Core-Gameplay Idea 2 
5. Storyboard Core-Gameplay Idea 3 
6. Concept Pitch discussion 
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Concept Pitch Presentation V2 
The goal of the Concept Pitch Workshop is to gain feedback from the clients and 
stakeholders on the proposed game ideas so that a unified game idea can be settled upon. If a 
game idea has already been settled on internally via design discussions with the development 
team this work can be aimed at gaining feedback in the direction of the idea. This workshop 
will require client collaboration, therefore careful planning and scheduling of the client and 
stakeholder’s time is important. Developers will pitch the game idea/s to the audience to 
encourage feedback during the post pitch discussion. To complement the workshop, a 1-2 
page concept sell sheet can be used to give the reader a quick overview of the idea being 
discussed. A more in-depth pitch document can also be available which discusses in further 
depth the motivations, goals and direction of the project. To ensure constructive feedback is 
gained from clients, various questions can be asked during the post pitch discussion. 
Outcomes:  
The outcome of this workshop will be for both the client/stakeholder and developers to walk 
away with either confidence that there is a single game idea that will be the focus, or an 
understanding of what needs to be worked on if the clients expectations have not been met. 
Outputs:  
The concept pitch can often mark the end of a milestone or contract sign off period therefore 
an important output is ensuring the appropriate paperwork is filled out and signed to ensure 
further development can continue seamlessly. 
Agenda: 
1. Introductions 
2. Concept Pitch 
3. Concept Presentation Feedback 
4. Sell sheet 
5. Pitch Document 
6. Other supporting materials (Video) 
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• Concept Presentation & Interview Protocol  
Time of Interview: 
Date: 
Interviewer: Joshua Hall 
Interviewee: 
Position of Interviewee: 
Introduction Script: 
“Thank you for being part of this research. My research is aimed at investigating how we can 
develop more motivating games that result in deep learning experiences. I am planning to 
develop two educational games based on General Evacuation Procedures. These games will 
then be used in user experiments to assess player’s engagement in the game and their 
learning outcomes. However before I can develop these games I need to ensure the 
fundamental design is based on an informed knowledge base and meets the standards of 
workplace health and safety experts. That is why you are here today. I will be presenting two 
game design ideas to you today. Each game is based around General Evacuation Instruction, 
however they would be played in different ways.  
After each presentation I will ask you a series of questions that are aimed at extracting your 
thoughts about the educational benefits, usability of the system, and areas for improvement. 
Once you have responded to these questions you may then ask any additional questions 
relating to the projects as well as give any feedback. I will be analysing your responses and 
feedback to confirm design guidelines and make an informed decision on which game idea I 
should be prototyped. 
Please note that the interview session will be recorded today. The audio will only be 
destroyed once it has been transcribed. Your identity will be masked using a participant code 
during this transcription process so please do not say your name or who you work for during 
the interview process. Today’s presentations and interviews will run for the next 50 minutes.” 
Present Game Concept 1: 
Interview 1: 
Start Tape Recorder: 
“We will now conduct the second set of interview questions for game concept 1” 
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Educational benefits:  
1. What do you think about the General Evacuation topics that are being covered in this 
concept? 
2. Do you think that this concept is targeting appropriate General Evacuation topics? 
3. Do you think this concept would satisfy the Building Fire safety Regulation 2008 by 
providing staff with accurate general evacuation information? 
Usability of the system: 
1. Do you think that this concept would be appropriate for individuals aged between 
(age range)? 
2. Do you think that the computer skills required to play this game would be appropriate 
for staff? 
3. Do you think that the game will be easy to pick and play for the general staff, i.e. 
intuitive and requires little to no prior training? 
4. Do you think the expected game length is appropriate, i.e. the time it takes for a 
player to complete a level? 
Areas for improvement / extension: 
1. Are there any teaching / learning opportunities not currently addressed in this 
concept? 
2. Do you think that this concept will offer an engaging experience for the wide range of 
adults who will play it? 
3. Do you wish to make any comments or feedback on the concept? 
 
“Thank you for your feedback on that game concept. I will now present the second game 
concept. We will follow the same format as before, with questions following the next 
presentation.” 
Present Game Concept 2: 
Start Tape Recorder: 
“We will now conduct the second set of interview questions for game concept 2” 
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Interview Questions 2: 
“Thank you very much for participating in this session. Your responses and feedback are 
greatly appreciated and will help us develop better educational games.” 
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• Concept Pitch Sell Sheet 
The purpose of the Concept Pitch sell sheet and Pitch Document is to give quickly the reader 
an overview of the serious game project and the concept being proposed. The Concept Pitch 
Sell Sheet is designed to be a one-two page document that could be easily absorbed within a 
short period of time. It does not need to include all the details of the project but should just 
give the reader enough information to either recollect knowledge learned during the Pitch 
Presentation or be more prepared before listening to the Concept Pitch. The role of the 
Concept Pitch Document is to expand on the sell sheet and detail extra information about the 
design of the game and how the project will be delivered. 
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(Insert Header Image) 
Product Statement 
The product statement should be a high-level description of what the project aims to achieve, 
e.g. a serious game that aims to enhance training on the topic of x. This will be achieved by 
focusing gameplay on x, y, y. The game utilises simulated interaction and encourages the 
user of x skills that are recorded and scored for future comparisons. 
The Learning should improve accuracy, quality and efficiency in the following areas: 
• Learning objective 1 
• Learning objective 2 
• Learning objective 3 
 
(Insert Mockup Image Here) 
• Gameplay 
The game play summary should briefly describe The types of interactions the player will do 
and the type of progression that is available. E.g. Multiple progressive levels allowing the 
player to practice and improve x skills. It would be useful to describe the main features of the 
game and their purpose. 
(Insert Gameplay Image Here) 
The gameplay section should also elude to any scoring and data collection mechanisms the 
game will have. While it is not necessary and often yet to be designed, the feedback and 
analytics that serious games can bring to training is an exciting and appealing aspect that 
clients/stake holders will want to hear about. Ideally they want to hear how they will see 
evidence that the game is delivering on its promise of being engaging and capable of 
facilitating learning. 
(Insert Image of results and data analytics here) 
• This game is not: 
It is useful to describe what the game will not include/cover to clear up any miss-conceptions 
with the readers expectations. 
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● Not covering concept x 
● Not facilitating the training of skill y 
● Not a replacement for existing training or support material 
● Not a substitute for field experience 
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Design Document Workshop V1 
The goal of this workshop is to determine one unified serious game to settle on and build. 
Client feedback from the previous workshop should guide this decision-making process. 
However it is the developers responsibility to pick or create a unified game design that meets 
the learning objectives.  
Outcomes: 
The outcome of this session is to start outlining the specifics of one serious game, guided by 
the structure of the design document.  
Outputs: 
Design Document high concept and moment to moment gameplay section is drafted using the 
concept description and storyboards. 
Agenda 
1. Introduction 
2. Core-Gameplay and Learning Objectives 
3. Concept Pitch Overview 
4. Game Design Document Template Summary 
5.  
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Serious Game Design Document V2 
This concept document for the (project title) (platform) application outlines the desired high-
level features and interaction design for a serious game to reinforce (learning and skill 
development goals) of (audience). 
 
Title: (project title) 
Target Audience/Player (audience) 
Lead/Primary Platform: (platform or device) 
• Product Statement: 
This section outlines the specifics of the project in a brief summary format. The project title, 
platform, client name, learning goals and potentially the learning environment the game will 
fit into should be mentioned in this section. See the example paragraph below. 
(Project title) is a (platform) game that complements (client name) (existing training module). 
This is achieved by supporting and reinforcing (learning goal) of learners through the 
implementation of engaging gameplay and real-time feedback. The game utilises (core-
gameplay mechanics), (relevant cognitive processes) skills combined with prior knowledge to 
build confidence and competence in (core task being trained or supported). 
The learner should improve accuracy quality and speed in: 
● (Learning Objective 1) 
● (Learning Objective 2) 
● (Learning Objective 3) 
● (Learning Objective 4) 
• Gameplay Summary 
The gameplay should briefly describe what it is like to play the game and the interactions, 
objects and outcomes that would typically occur. 
(Example Gameplay Summary) 
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Numerous gameplay scenarios and difficulty levels are available in which the learner must 
interact with (x) to uncover (y), perform detailed (skill x) with virtual tools and interactions, 
and evaluate the data through deductive reasoning to determine (outcome Y). 
Virtual tools such (tool 1) and (tool 2) enable interactions that include (interaction 1) within 
(object 1) or (interaction 2) to reveal (feature 1). Other interactions may include manipulation 
of the (object 2) to look under a curved leaf for insects and rubbing the surface to test for a 
sooty mould. 
All learner actions and decisions are recorded and scored.  The data collected is used to 
provide real-time feedback during gameplay and post-performance assessment.  Learners will 
receive feedback on their (skill metric 1) and (skill metric 2) to build confidence and increase 
engagement.  Trainers will be able to access aggregated results online of learner performance 
to determine knowledge and skill gaps. 
• This game is not: 
● (Learning object not being covered) 
● (Learning objective being covered) 
● A replacement for training or support material 
● A substitute for the real experience 
Core-Gameplay 
In this section, the reader needs to understand all there is to know about the core-gameplay or 
moment-to-moment activities that the player will perform 90% of the game. A lot the core-
gameplay developed in the Learning Objectives to Core-Gameplay tool can be put here. 
However further details around this gameplay can be teased out to ensure the developers on 
the project team have all the relevant information required to do their job. The following 
sections will outline these specifics. 
• Gameplay Modes 
Gameplay Modes of play refers to the different sets of rules that changes the type of 
gameplay that will occur e.g. If rules around time pressure are enforced pushing the players 
attention on completing the activity as quickly as possible then it may deserve its own 
gameplay mode, e.g. Time Attack Mode. However if the rules define that there will be 
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context / narrative engagements at multiple points during the gameplay then it may be 
defined as “Story Mode”.   
Listing out these different modes of play and the key rules that separate them from each other 
will make it easier to design and scope features for those modes. Some of these rules will 
result from the rules identified using the Learning Objectives to Core-Gameplay tool. 
Time Attack Mode 
• Limited time to for player to reach the checkpoint 
• Each checkpoint grants the player 10% of the original time. 
• Finite amount of checkpoints need to be passed before the round is over. 
• Total round time is compared against highest recorded time. 
• The Player 
• Actions  
Players will have certain actions they can perform to enact their choices in the game e.g. the 
player can kick enemies in a fighting game or the player can burst bubbles in a puzzle game. 
It is important to list out all of these actions and the properties assigned to those actions.  
Action Action description Result Description Attributes 
Rotate object 
 
The user uses a 
single finger to press 
down on the screen 
and swipe across. 
The object will 
rotate according to 
the direction and 
acceleration of the 
swipe. 
Rotation Speed 
Rotation Direction 
Shoot enemy The user uses a 
single finger to tap. 
Objects underneath 
the tap area will 
receive damage. 
Damage = 10hp 
Press Power Up 
button 
The user will use a 
single finger to tap 
on the Power Up 
Ability button 
The Add Power Up 
Ability will activate. 
(see Add Power Up 
Ability for details) 
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• Abilities  
Abilities are slightly different to the actions the player can perform, in that they are often the 
result of a discreet action. E.g. the action of pressing on the add Power Up Ability will 
activate the “Add Power Up Ability” that has its own set of rules and attributes. One method 
of displaying this information is to record all the ability into a table so they can be seen in 
relation to the other abilities. 
Ability Previous Action Ability Description Attributes 
Add Power Up 
Ability 
Press Power Up 
Button 
If the player’s power 
up attributes are less 
than 100% and the 
Add Power Up 
button has not been 
activated in the last 
60 seconds, increase 
the movement speed 
by 20%. 
Movement Speed 
Power up button 
reload meter 
 
If time permits, simple storyboards of the main actions can really help identify any usability 
issues that may arise once the actions are implemented into the game. 
• Control scheme 
The control scheme is often linked to the actions that have been previously listed. These 
controls are the real input device mappings that have been assigned to result in in-game 
actions e.g. Pressing the space bar on the keyboard will result in the in-game action of 
jumping. It is important to list and describe these control scheme mappings even if there are 
only a few e.g. touch devices only have limited control schemes (tap, touch and hold, drag, 
pinch, two finger actions) however they can be result in many different actions depending on 
the status of the game.  
Control Control 
Description 
Possible Actions Attributes 
Tap The user uses their Send message to Touch id 
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finger to press down 
on the touch screen 
and quickly lifts the 
finger. 
object in screen or 
world space that is 
underneath he tap 
e.g. activate button, 
damage enemy 
Touch down 
location 
Touch down time 
Swipe in direction 
 
The user uses a 
single finger to press 
down on the screen 
and immediately 
hold down and 
swipe across then 
lift. 
Send message to 
target object the 
original touch down 
location, direction of 
travel, speed of 
travel and location 
of touch off. 
Touch id 
Touch down 
location 
Touch up location 
Touch down time 
 
Press “e” key The user presses the 
“i” key on the 
keyboard. 
The assigned action 
to the “i” key is 
activated e.g. 
(Action) open 
inventory. 
Key Id 
(event) Key press 
down 
(event) Key press up 
 
A diagram of these key or input mappings is also a useful communication method that can 
complement the controls table. 
Screen Flow 
This section should outline the screen flow for the structure around the gameplay, e.g. the 
connection and relationship between the main menu, level select, gameplay and results 
screens. While these screens are often mocked up in the GUI section, the flow between these 
screens also needs detailing. 
• Graphical User Interface (GUI) 
The user interface refers the screen space elements that the player will use to complete many 
actions in the game. There is often a GUI for the following areas. 
Game Shell 
Main Menu 
 240 Appendices 
Level Select 
Options 
Gameplay 
Pause button and Pause menu 
Gameplay progress 
Time pressure 
Rewards or points accumulated 
Status of the player (health and other attributes) 
In-game Menu resulting from actions or abilities 
Action or ability buttons 
Navigation 
For each GUI listed, there should be a conceptual mock up using mockup tools such as 
Gliffy, Balsamiq or Photoshop. These mockups should be briefly annotated to describe what 
each GUI element is supposed to represent. 
• Game Camera  
There are many attributes to the game camera that can result in how the games perspective 
and game elements are perceived. The primary camera angle, controls and dynamic systems 
should be detailed in this section. 
Camera Angle: Top down (no rotation) 
Camera Perspective: Orthogonal 
Camera System: Follows the player character. Can zoom if player zoom action is activated. 
• Enemies  
List out the enemies, their actions and abilities and assign attributes 
• Obstacles  
List out obstacles, their actions and abilities and assign attributes 
• Interactive Objects 
List out the interactive objects, their actions, abilities and assign attributes. 
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• Support and NPC’s 
Support and NPCs section will contain all relevant information relating to characters in the 
game that are no the player or enemies. These characters of often in either neutral or 
supporting roles. Listing out and detailing all the features of these characters is important as 
they will still need to perform actions and abilities in the same manner as the player and 
enemies. 
Support (advisors) 
Name: Game Advisor 
Gender / Species:  N/A 
Description / Backstory: The Game Advisor is the in-game help system that has no 
connection to the games narrative. 
Appearance: Pop up window at the bottom of the screen that displays helpful information 
using text and diagrams. 
Purpose in the game: 
The purpose of the Game Advisor is to assist the player when they need to learn new things 
in the game e.g. new actions or seem to be stuck/lost. 
Supporting NPC’s 
Name: Gary 
Gender / Species: Human Male 
Description / Backstory: Game is a rebel leader who has been fighting the alien invasion 
since they first landed 10 years ago. 
Appearance: Gary is a war hardened combat veteran who is in his late 50’s. 
Purpose in the game: Gary’s purpose is to fight along the side of the player helping them out 
where needed, such as providing health, ammo and further insight into the games narrative. 
Action Action description Result Description Attributes 
Run 
 
Gary will move In a 
fast pace in any 
horizontal direction 
that is not blocked 
Gary will be able to 
reach his quickly 
Movement Velocity 
= 1 m/s 
Movement Direction 
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by an obstacle. = Left, Right, 
Forward, Back 
Increase Movement 
Speed 
Gary will be able to 
increase his own 
movement speed by 
applying the Add 
Power Up Ability. 
The add power up 
ability will be 
activated.  
(see Add Power Up 
Ability for details) 
 
Ability Previous Action Ability Description Attributes 
Add Power Up 
Ability 
Add Power up 
Action 
If the characters 
power up attributes 
are less than 100% 
and the Add Power 
Up button has not 
been activated in the 
last 60 seconds, 
increase the 
movement speed by 
20%. 
Movement Speed 
Power up button 
reloads meter 
 
Attributes Attribute 
Description 
Rules 
Health Points Health can be 
affected by damage 
and will result in the 
NPC dying if it 
reaches 0. 
Health remains 
between 0-100 
Health can be 
subtracted and added 
• Multiplayer 
This section should detail any multiplayer features of the game such as different game modes, 
camera modes, rules and attributes that would alter the existing gameplay that has been 
defined. 
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• Social Features and Analytics 
This section should detail any social features that have been integrated e.g. Facebook 
integration or game lobby chat systems. Also any analytics such as leader boards or 
comparative statistics in scores should be detailed. 
 
Rewards 
The purpose of this section is to outline the various rewards the player can receive and how 
they can interact with those rewards. These rewards can either be interacted with during 
gameplay or after intense sections of gameplay e.g. spending coins they received as a reward 
for their last quest on new armour. The systems, rules and attributes of these activities should 
be listed and detailed. It is also important to understand the different types of rewards that can 
be given, their uses and effects on the players motivation. Primarily rewards are a feedback 
mechanism that allow the player to comprehend that the choices and actions the player has 
made are correct and should be repeated If in that context again. The following list of rewards 
types gives some examples of how rewards can be used.  
 Rewards of Glory: (Received a badge) Superficial rewards that you receive yet have no 
impact on gameplay. E.g. receive an award for finishing a level and collecting 100% of the 
golden orbs.  
Rewards of Sustenance: (Receive the health pack) These rewards actually impact on the 
gameplay. Players may require assistance or replenishment of their attributes and resources 
e.g. The player is low on health but can receive a reward of health after killing the next 3 
robots.  
Rewards of Access: (Receive the key) These rewards also impact on gameplay as they allow 
the player to access new areas they couldn’t before e.g. receive a golden key to the next level 
once you have killed 20 robots in this level.  
Rewards of Facility: (Receive a new ability) These rewards impact on gameplay by either 
allowing the player to change the abilities they have. new abilities and actions. (unlock new 
weapon) The facility, things the player couldn’t do before 
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• Progression of Rewards 
An important aspect of giving rewards is ensuring they are received at the right moment and 
that the player feels they are significant or rewarding for the actions they have just taken. In 
the case where there are many rewards of the same type e.g. set of badges for completing 
sub-goals within the game, it is important to list and detail what they and when they are 
given. The following table provides a good structure to communicate large groups of 
rewards. When listing out the achievements it is important to clearly describe what the 
achievement is, how it is triggered in the game, its predicted importance or impact to the 
player and any xp that may complement the award. 
Glory 
Rewards 
    
Name Description Trigger Importance XP Reward 
Game Over Reward the 
player for 
completing the 
game. 
Complete the last 
level in the game. 
7 70 
Top Spot Reward the 
player for 
reaching the 
highest spot on 
the leader board. 
Gain the highest 
score in the 
leader board. 
10 10 
Consistent Rewarded for 
being as 
consistent as 
possible. 
Get 100% 
consecutively 
over 3 levels. 
5 50 
 
• Skill Progression 
It is important to scaffold the learning experience. Developers can outline varying levels of 
skill and knowledge competencies from novice, competent to expert players. 
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A method to start scaffolding this difficulty is to start thinking about the elements of the 
gameplay that contribute to gameplay difficulty and how these can be steadily increased to 
ensure continued user engagement and learning of the topic. 
Key elements that contribute to the difficult / challenge of the game should be listed with 
critical points (start, middle, end) of the game should be outlined in terms of how the game 
will challenge the player. The end challenges of the game should be above the level of 
expected competency, e.g. if the player needs to have learned how to perform/learn x. They 
should have learned this and been tested on it before the game is concluded. 
 
 
Following on from this can be a list of the levels/scenarios that will be played. This list 
primarily shows the scope of the game, e.g. for each level there will need to be design, assets 
and quality assurance. 
• XP System 
The following experience points (XP) system is based on the following calculation:  
XP = level^2/content value.  
The constant value in this example is .04 however it could be increased based on the amount 
of XP being used. 
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The table below was used to produce the graph above. The XP needed for each XP level 
(little red dots) is exponentially larger than the previous level. This ensures high-level players 
with more power and abilities still find it challenging throughout the later levels. 
Scenario Level XP required Difference 
Scenario XP (if the user 
completes the levels 
sequentially) Approx Level 
1 0 
 
100 1 
2 100 100 200 2 
3 225 125 300 3 
4 400 175 400 4 
5 625 225 500 
 6 900 275 600 
 
7 1225 325 700 5 
8 1600 375 800 
 
9 2025 425 900 6 
10 2500 475 1000 
 
11 3025 525 1100 
 
12 3600 575 1200 
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13 4225 625 1300 7 
14 4900 675 1400 
 
15 5625 725 1500 
 
16 6400 775 1600 8 
17 7225 825 1700 
 
18 8100 875 1800 
 
19 9025 925 1900 
 
20 10000 975 2000 
 
21 11025 1025 2100 9 
22 12100 1075 2200 
 
23 13225 1125 2300 
 
24 14400 1175 2400 
 
25 15625 1225 2500 10 
 
For each level, details on what will briefly occur can help to structure and scope out the assets 
and features required for that level.  
Level Description 
1 Introduction and tutorial. 
2 Introduce basic enemies. 
3 Repeat of level 2 However enemy hit points raised by 20% 
 
Tutorial and help system 
This section should outline how the player will initially learn the fundamental rules and 
systems of the game. Traditionally this is via text-based messages visual indicators / overlays. 
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Screen flow mock-ups of how this information will be conveyed to the player is useful as 
well as any scripts that will be used to instruct the player. 
Typical player experience sequence 
The typical player experience sequence is a way to give insight into the moment to moment 
core-gameplay at the heart of the game. Communicating this can be achieved many ways e.g. 
descriptive narrative how the actions the player takes and the results of those actions as they 
make their way through a level. This can often be complemented by an annotated mud map.  
Alternatively while more time-consuming, annotated storyboards can provide more visually 
stimulating walkthrough of the typical player experience. This can be beneficial in regards to 
immediately identifying usability and gameplay gaps that may need to be filled. 
Analytics 
Progressive scoring, leader boards, experience points and achievement badges add status 
recognition and a sense of accomplishment and competitiveness to the game.  Dynamic 
feedback delivered during gameplay to engage the learner is derived by recording real-time 
data.  The data is collected and stored for use in scenario assessment, overall performance 
and competitive leader boards. 
Trainers will be able to access aggregated results online of learner performance to determine 
knowledge and skill gaps.  Data collected could also be used by a trainer as a summative 
assessment at a point in time or form one part of a holistic assessment of the individual, group 
or region. 
• Metrics gathered could include 
Various metrics could be gathered in game by analysing game scores, user input and system 
event logs. Using various data capture methods such as online databases, this information can 
be analysed to produce a variety of metrics that demonstrate a players performance in game 
and potentially how that performance relates to knowledge and skill development. 
 
Diagram 5: Example of analytical data collection and visualisation 
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Assets and tasks 
Once all the features have been detailed and the levels / scenarios are listed art and sound 
assets can be listed and issued out. It is important to start with a comprehensive list of assets 
early on to ensure the project can be adequately scoped early on.  
Name Description Hours required Allocation 
Main Character 
Model 
The main player 
character for the 
game. 
10 Artist 
Player pistol 
mechanic. 
The player needs to 
be able to shoot a 
projectile. (see 
player abilities for 
pistol mechanics) 
5 Programmer 
Main Menu GUI 
Assets 
The main menu 
needs to be built in 
Photoshop. 
2 Graphic Artist 
 
• Future expansion and products 
This purpose of this section is to record any ideas that may be out of scope for the current 
project but could have value beyond the project.
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Appendix C 
Development 
The purpose of the development pack is to guide a partial section of the game development 
phase of the serious game project through the many stages and activities. The pack primarily 
guides the structures of how to run workshops with project stakeholders to gain iterative 
feedback throughout the life of the project.  
Iterative Development Milestone Workshop V1 
This workshop aims to reflect on the progress of the serious game and gain feedback from the 
client / stakeholder. This would occur at multiple stages during the development, potentially 
at the end of each milestone.  
Outcomes: 
The outcome of this workshop is to ensure there is a presentable level of polish and 
opportunity to gain feedback on the serious game. User the game as a discussion point, 
clients / stockholders will be able to give further insight into the studied topic and help to 
steer future design directions for the project. Another outcome is achieved from this activity 
is confidence. Confidence will be built up in the clients / stakeholders mind that their 
investment is on track. Confidence will also be built up by the development team that they 
are meeting / exceeding the client’s expectations. It is also important to listen to the clients 
feedback to highlight any issues or miscommunication that may have occurred. By the end of 
the project, there should be no negative surprises for the client as they should have been on 
the design and development process the entire way. 
Outputs: 
Outputs from this activity are primarily meeting notes, feedback issues and potentially any 
administrative paperwork / sign off to ensure development continues seamlessly.  
Agenda: 
1. Introduction 
2. Client/Stakeholder update 
3. Agile tools 
4. Expanding the clients horizon. 
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Appendix D 
Evaluation 
The purpose of the evaluation pack is to guide a partial section of the game 
evaluation phase of the serious game project through the many stages and activities. 
The pack primarily guides the structures of how to run both usability and evaluation 
activities that determine the effectiveness and quality of the serious game.  
User Test Pack V1 
Iterative User Test: 
This activity is aimed at iteratively testing gameplay and mechanics to ensure the 
experience is working as intended, bug-free and intuitive to use. User test sessions 
are primarily internal test cases performed either by the development team or a 
specified user tester however it is always good to also test with users who are not 
away of game development and match the games target audience. This activity 
should be repeatedly performed on a regular basis once there are usable game 
mechanics. A variation of the user test is the evaluation test. 
Outcomes: 
The primary outcome of this activity is to identify both usability and technical bugs 
in the game. The developer conducting the user test should be aiming to learn from 
the participants experience with the game. This can be achieved by taking notes 
while the participant plays the game, analysis captured gameplay footage, conducting 
debrief interviews and analysing the transcript.  
Outputs: 
The main output from this activity is listed usability/technical issues and bugs found 
by the play tester. These will need to be consolidated and formatted so that other 
developers can understand what the issues are, how they can be reproduced, the 
severity and possible solution. Modern agile management software such as Hansoft 
will have bug tracking features that request appropriate information. However where 
this type of software is not available a playtest report would be produced for the 
development team.  
Evaluation Test: 
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Activity Description: 
This activity is aimed at rigorously investigating if the serious game is both engaging 
and is capable of facilitating a learning experience for a generalised sample of the 
target demographic. This process often involves running an empirical study under 
experimental conditions. This process would be conducted once the entire game or 
important section of the game is completed as it can take some time to complete. If a 
statistical significance between individuals who play the serious game and those who 
do not is required, a reasonably large sample of user testers will be required e.g. 50+. 
Outcomes: 
The primary outcome of this activity is to determine using scientific methods if 
individuals are capable of being engaged and can develop the desired skill or 
knowledge from playing the serious game. This outcome will add credibility to the 
claims and intentions of the serious game.  
Outputs: 
The main output from this activity will be a report detailing the analysed and 
interpreted results of the study.  This report may also detail excepts of user tester 
comment and recommendations on how to enhance the engagement and learning 
potential of the serious game.  
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Workshop Agenda: 
1. Introduction 
2. User testing overview 
3. User test vs Evaluation 
4. Collecting data and notes 
5. Recording tools 
6. Debrief interviews 
7. Analysing the data 
8. Reporting the data 
9. Practice playtest 
10. Consent and Permission 
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• Recruitment Email 
Participate in (user testing / evaluation) of a training tool based on (topic) 
 
Dear (recipient) 
 
My name is (name) from the (company) and investigating the effects of a new 
interactive training tool. I am looking for males and females who work within (topic) 
industry to participate in in this testing session.  
The purpose of this session is to evaluate the learning and engagement outcomes of a 
new training tool we have developed on the topic of (topic). To achieve this, we will 
be observing your experience interacting with the training tool as well as collecting 
your learning and engagement results. The goal of this session is to understand how 
we might improve the current and future (topic) training tools. To thank you for your 
time, you will receive (participant reward).  
Please reply to (email address) if you are interested in participating. We will then 
provide you with further information about the study and organise a suitable time for 
you to participate. 
 
Many thanks for your consideration of this request. 
 
(insert contact details) 
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• Test Schedule 
Time Day 1 - 
Date 
Day 2 - 
Date 
Day 3 - 
Date 
Day 4 - 
Date 
Day 5 - 
Date 7:00 AM           
7:15 AM           
7:30 AM           
7:45 AM           
8:00 AM           
8:15 AM           
8:30 AM           
8:45 AM           
9:00 AM           
9:15 AM           
9:30 AM           
9:45 AM           
10:00 AM           
10:15 AM           
10:30 AM           
10:45 AM           
11:00 AM           
11:15 AM           
11:30 AM           
11:45 AM           
12:00 PM           
12:15 PM           
12:30 PM           
12:45 PM           
1:00 PM           
1:15 AM           
1:30 AM           
1:45 AM           
2:00 PM           
2:15 AM           
2:30 AM           
2:45 AM           
3:00 PM           
3:15 AM           
3:30 AM           
3:45 AM           
4:00 PM           
4:15 AM           
4:30 AM           
4:45 AM           
5:00 PM           
6:00 PM           
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• Iterative User Test Methodology 
 
 
• Evaluation Methodology 
• 
  
Pre-Activity
• Introduction
•Demographic	Questions
Activity
•Un-Assisted	Activity	
• Talk	out	loud	Activity
• Assisted	Activity
Post	Activity • Debrief	interview
Pre-Activity
• Introduction
•Demographic	Questions
• Random	Assingment
Activity
• Activity
Post	Activity
• Engagement	Survey
•Assessment	Survey
•Debrief	interview
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• Information Consent 
Description 
The purpose of this session is to explore the usability of a Serious Game. The 
knowledge gained from this session will help with the development of the simulation 
that will be used to complement existing (topic) training. As part of this session we 
aim to observe you playing a serious game on a (Device). The game will record your 
ability to do (x, y z). The data we collect won’t be used to evaluate you, rather it will 
only be used to evaluate and improve the final training product. You are invited to 
participate in this project because you are recognised as a working within the (topic) 
industry. 
Participation 
Your participation will consist of three parts.  
Demographic Survey:  
The short survey will consist of questions that are aimed at collecting your 
demographic information such as gender and experience within the bio-security 
industry. There are also questions relating to your past experience with things such as 
technology and games. This survey should only take 5 minutes to fill out. 
Serious Game User Test: 
During the Serious Game user test will ask you to play a computer-based simulation 
for roughly 20-30 minutes. During this time we will ask you to firstly use the 
simulation for 5-10 minutes unassisted. We will also ask you to “talk out loud” the 
actions you are performing and thoughts you are making during this time so that we 
can better understand your experience playing the game. Once this time is complete 
we will ask you to use the Serious Game again, however you may then ask questions. 
Interview:  
During the interview we will be asking you a series of questions relating to your 
experience using the game. We expect that participation will require 50-60 minutes 
of your time. Your participation in this project is entirely voluntary. If you do agree 
to participate you can withdraw from the project without comment or penalty. If you 
withdraw, on request any identifiable information already obtained from you will be 
destroyed.  
 258 Appendices 
Expected benefits 
It is expected that this project will not benefit you directly. However the feedback we 
receive will ensure we can develop an inspection simulation can assist with future 
(topic) training. 
Risks 
There are minimal risks associated with your participation in this project. These 
include time taken away from work as well as interrupting others within the working 
environment. To manage these risks we will be seeking prior permission from 
relevant administrators and clearly communicating our intentions to anyone who may 
be interrupted by the analysis. 
PRIVACY AND Confidentiality 
All comments and responses will be treated confidentially unless required by law.  
The names of individual persons are not required in any of the responses. 
The gameplay recordings will be used as reference material to improve the usability 
of the game. These recordings will be kept on secure backup devices, servers and 
will only be accessible to members of the development team. You will be able to 
participate in the project without being audio recorded. Unless otherwise requested, 
you will not have the opportunity to verify your comments prior to use by the 
development team.  
 
Questions / further information about the project 
We would like to ask you to sign a written consent form (enclosed) to confirm your 
agreement to participate. 
If have any questions or require further information please contact one of the 
development team members below. 
 
(name) – (job title) – (email) – (phone number) 
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STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
• Have read and understood the information document regarding this project. 
• Have had any questions answered to your satisfaction. 
• Understand that if you have any additional questions you can contact the 
research team. 
• Understand that you are free to withdraw at any time, without comment or 
penalty. 
• Understand that the project will include an audio recording. 
• Understand that non-identifiable data collected for this project may be used as 
comparative data in future projects. 
• Agree to participate in the project. 
Please tick the relevant box below: 
 I agree to the interview and observations to be audio recorded. 
 I do not agree with the interview and observations to be audio recorded. 
 
Name  
Signatur
e 
 
Date   
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• User Test Protocol 
Checklist: 
• (reward) 
• Consent form, debrief questions 
• Participant code. 
• (Device) set up, input device works, sound check 
• Ensure device notifications are off. 
Thank you for participating in this user test session. 
Purpose: The purpose of this session is to identify bugs, usability issues and to 
evaluate the effectiveness of this training tool. 
Steps:  
• Over the next hour, you will interact with a training tool  
• You will also be asked to complete two surveys, and a post-training 
assessment.  
• During this assessment, you may be asked things that did not appear in the 
training activity. If this occurs, please answer all the questions as correctly as 
possible. 
Audio Capture: With your consent, the certain parts of this session will be screen 
and audio captured. The purpose of this is to record your interactions on the screen 
and to capture any vocal comments you may make. I will let you know later in the 
session if when the recording will occur. 
I will also invite you to discuss your experience of the training activity in a semi-
structured interview. With your consent, this interview will be audio recorded. 
Uncomfortable: If you feel uncomfortable with any of the activities, please let me 
know and I will stop the session. You are also free to leave at any stage of this 
session.  
Anonymous: Also please  be aware that your answers during the surveys and 
assessment will be anonymous. 
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What to do:  
• During the session, you will primarily be prompted by the computer to 
complete each activity. Please ensure you are seated comfortably in front of 
the (device). 
• I will be sitting over here in the corner during the study. If you require 
assistance operating the (device) or interacting with any of the activities, 
please let me know. 
• However I will not be able to assist you with answering questions asked 
during the survey or assessment activity. 
Do you have any questions before we begin? 
I will now give you a piece of paper with your participant ID on it. You will be asked 
numerous times during the session for this ID so please keep it close by. 
Please read the instruction on the screen and follow the prompts.” 
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• Participant Codes 
The following randomised system is being used to ensure there are ten groups of six 
participants between three groups. This equates to a total of 60 participants. To use 
these participant codes, print out the sheets and rip off the bottom most code, starting 
with group 1 and ending on group 10. 
Group 1  Group 2 Group 3 Group 4 Group 5 
209 308 309 120 113 
310 112 306 316 219 
216 110 103 213 203 
119 201 210 317 104 
318 314 118 102 319 
105 206 207 217 302 
 
Group 6 Group 7 Group 8 Group 9 Group 10 
214 107 304 301 111 
115 212 218 205 315 
311 208 109 106 101 
117 312 114 108 215 
303 305 313 320 211 
204 116 202 220 307 
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• Demographic Questions 
What is your participant ID? 
What language do you primarily speak at home? 
• English 
• Spanish 
• Chinese 
• Russian 
• Vietnamese 
• Other (please specify) 
In the past 7 days, roughly how many hours have you spent playing video games 
(e.g. gaming consoles, mobile phones, computers, etc.)? 
In the past 7 days, roughly how many hours have you spent using a computer (At 
home and at work)? 
What is your age? 
What gender do you most associate with? 
• Male  
• Female 
• Other 
Approximately how long ago did you complete a form of (Topic) related training? 
• Less than one month ago 
• 1-3 Months 
• 4-6 Months 
• 7 - 12 Months 
• Greater than 1 year 
• Have never completed training 
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Which of the following best describes your primary physical work environment? 
• Indoors 
• Out doors 
• Other 
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• Engagement Survey Questions 
Participants will respond by selecting on a 7 point Likert how much they agree or 
disagree with the statement (McAuley & Tammen, 1989) 
(R = reversed Likert response) 
Interest/Enjoyment 
1. IE1: I enjoyed doing this activity. 
2. IE2: This activity was fun to do.  
3. IE3: I thought this was a boring activity. (R)  
4. IE4: This activity did not hold my attention at all.(R)  
5. IE5: I would describe this activity interesting.  
6. IE6: I thought this activity was enjoyable.  
7. IE7: While I was doing this activity, I was thinking about how much I 
enjoyed it. 
Additional engagement questions added: 
1. AIE1: I felt this activity was engaging. 
2. AIE2: I would describe this activity as involving. 
3. AIE3: I found this activity interesting. 
Effort/Importance  
1. EI1: I put much effort into this activity.  
2. EI2: I did not try very hard to do well at this activity. (R) 
3. EI 3: I tried very hard during this activity.  
4. EI4: It was important to me to do well at this activity.  
5. EI5: I did not put much energy into this activity. (R) 
Value/Usefulness  
1. VU1: I believe this activity could be of some value to me.  
2. VU2: I would be willing to do this activity again because it has some value to 
me.  
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3. VU3: I believe doing this activity could be beneficial to me.  
4. VU4: I think this is an important activity. 
Value/Usefulness additional questions (more specific about responding to hazards 
in the workplace) 
1. AVU1: I think that doing this activity is useful for learning about (topic). 
2. AVU2: I think this activity is important to do because it can (topic learning 
outcome). 
3. AVU3: I think doing this activity could help me be more aware of (topic)  
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• Learning Assessment 
Insert custom learning assessment 
(The learning assessment is too specific to create a default set of questions)  
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• Debrief Interview Questions 
Debrief Questions (10 mins) – START RECORDING !!! 
General: What are your general impressions of the activity? 
 
Interest/Enjoyment:  
How would you describe your interest during the activity?  
 
How would you describe your enjoyment during the activity? 
Effort/Importance:  
How would you describe the amount of effort you put into the activity? 
 
Value/Usefulness:  
Do you see value in playing this activity? 
- What value? 
 
Do you see this activity as useful? 
- What is useful? 
 
Do you feel that you learned anything? 
- What did you learn? 
 
Do you foresee any changes in your behaviour in the workplace after playing this 
activity? 
- What changes? 
 
How do you feel about doing this activity again in the future? 
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Intuitive Controls:  
How did you find controlling the activity? 
 
Competence:  
How do you feel about the activity’s difficulty?  
 
Feedback:  
How did you feel about the activity’s visual feedback and effects? 
 
How did you feel about the activity’s sound feedback and effects? 
 
General:  
Do you have any final questions or suggestions for the activity? 
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• Reporting 
 
ID Issue Tag Severity Descriptions Steps to reproduce 
     
     
     
     
     
     
     
 
Appendix E 
General Impressions 
The following summary of results is taken from participants responses to the 
question:  “What are your general impressions of the activity?”. This data has been 
coded into the themes of positive, negative and neutral. The purpose of this is to gain 
a greater understanding of the users “general impressions” of the activity and to get a 
sense if they felt it was a positive, negative or neutral experience.  
Game Condition (general impressions): 
Fourteen out of the 17 participants immediately responded positively when 
asked about their general impressions. Example comments include: 
“I like that you could interact with it, not just watch a video, and be bored” 
(p102, 0:25). 
“Yeah I liked it, I thought it was pretty engaging.” (p103, 0:07) 
“Also informative, educational at the same time. So that is good.” (p103, 0:13) 
“It was fun, I think it was useful. Very engaging for me and I would be doing it 
again if I have a chance.” (p119, 0:41) 
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 One participant did give feedback on the amount of instructional material 
delivered “Yeah it was nicely done, maybe a little bit too much introductory stuff. I 
felt like most of it was learning how to use the game instead of interacting with the 
game. Other than that it was good.” (p120, 0:10) 
Two out of the 17 participants made slightly negative comments in regards to 
both the stress in the game and repetitiveness of some of the interactions. 
 “…the activity was ok, but it did sort of get a bit boring after a bit, just the 
same repetitive stuff that you see and it just lets you keep doing it over and over 
again.” (p107, 0:17)  
“Stressful, just in terms of trying to assess all the problematic areas and trying 
to fix them before the time limit is up.” (p106, 0:26) 
Video Learning Condition (general impressions): 
Eight of the 17 participants felt it was what would be expected for this kind of 
training activity e.g. “The video itself seems pretty standard. It’s a pretty common 
practice to show people a video that, or instructions, that teaches people about 
occupational health and safety knowledge. It is quite informative… it includes 
pictures which is good. It has people talking through it which is useful, so it’s a 
useful step up from just having text which you have to read through yourself” (p210, 
0:17). 
Nine of the 17 participants immediately responded negatively when asked 
about their general impressions. Example comments include: 
 “Yeah it’s pretty boring, very difficult to focus on it.” (p201, 0:16) 
“When you are learning all these categories with different definitions it’s just 
like so much information, such a short period of time.” (p206, 0:29) 
“Very boring, hard to stay awake, hard to stay focused.” (p213, 0:11) 
“I did not want to interact with it, yeah, was not engaging.” (p217, 0:24) 
Video Non-learning Condition (general impressions): 
Only one participant immediately revealed they found the activity engaging 
e.g. “It was very engaging, well, interesting and I learnt a lot about definitely fire 
hazards, and the different types of the different types of fires and the different 
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extinguishers that need to be applied to them. Like, that I never knew before and 
could be very helpful in the office.” (p317, 0:12) 
Seven out of 17 participants initially responded neutrally when asked about 
their general impressions. Example comments included: 
“I guess it was a training activity. I guess it would be applicable if I was getting 
workplace health and safety induction.” (p308, 0:14) 
“…it was good, it was thorough, um, maybe a bit too much detailed 
information… for such a short window of time. I think it was laid out quite well. 
(p304, 0:13) 
Eight out of 17 participants responded negatively when ask about their general 
impressions. Example comments included: 
“The content was important but it was dull, hard to maintain attention. So 
working memory was overloaded just trying to remember all the little steps it was 
going through.” (p306, 0:10) 
“…it was informative but drawn out. I guess in a work environment you would 
want to listen to it because it is important to safety and what not, but yeah the 
delivery wasn't that interesting.” (p311, 0:20) 
“Generally on average it is a very average piece of training material. Just 
because it is not interactive. It is pretty monotone talk.” (p316, 0:09) 
Intrinsic Motivation and Engagement 
The following summary of results is from participants responses to the 
questions of “How would you describe your interest during the activity?”, and “How 
would you describe your enjoyment during the activity?”. This data has been coded 
into the themes of positive, negative and neutral. The purpose of this is to gain a 
greater understanding of the users feelings of “interest and enjoyment” of the 
activity.  
Game Condition (Intrinsic Motivation and Engagement): 
Fourteen out of the 17 participants commented positively in regards to their 
interest and enjoyment in the game. Participants commented on both the interaction 
and challenging nature of the activity as reasons why they found it interesting and 
enjoyable, e.g. “It got better and better, because it gets more challenging” (p110, 
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0:29). Comparisons to existing training measures such as text and video presentation 
were also mentioned e.g. “Being able to interact with it did make me more interested 
in it than just watching a video.” (p102, 0:48). 
Comments made by participants are reflected in the list below: 
“Yeah I like it, I thought it was fun. Then game part of it particularly.” (p103, 
0:55) 
“The activity, yeah the actual interactive yeah it was cool, it was as I say a 
game so it’s fun I enjoy games,” (p115, 1:25) 
A participant gave neutral responses when commenting on their feelings of 
interest and enjoyment. Examples of these comments were: 
 “Moderate I would say. So I found it interesting enough, but I had the 
impression that a lot of the choices were really obvious (p116, 0:35). 
One participant found the game activity rather “stressful”, e.g. “So it is an 
interesting activity. But I found it more stressful than interesting” (p106, 1:19). 
Video Learning Condition (Intrinsic Motivation and Engagement): 
Fourteen out of the 17 participants who were in the Video Learning Condition 
made negative comments when asked about their feelings of interest and enjoyment. 
Participants commented on the delivery, e.g. “The voice was just reading the slides.” 
(p213, 0:43), pace, and lack of interactivity “There wasn’t any feedback, like I didn’t 
need to answer any questions or do anything.” (p206, 1:10) as reasons why their 
interest and enjoyment was low. 
Some participants felt the need to highlight the activities value rather than 
comment on their feelings of interest or engagement, “I wouldn’t say I enjoyed the 
activity. I do see the value in doing it. I guess I… um… I do it because I have to see 
the importance of doing that.” (p210, 1:05). 
One participant’s comment referred to a lack of interaction as a reason why the 
activity wasn’t as engaging in response to the question “How would you describe 
your interest during the activity?”, e.g. “(p204) Moderate to low. (Interviewer) 
Anything in-particular that stands out? (p204) I wasn't involved in the activity, it 
wasn't engaging. (Interviewer) What were some things that you felt as though you 
would have liked? (p204) Some kind of interaction.” (p204, 0:34). 
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Three out of the 17 participants made neutral comments about the video 
learning activity in regards to their feelings of interest and enjoyment. Primarily 
these users found the topic interesting, however, the activity itself was less engaging, 
e.g. “I enjoy the information, but it could be done in a better or more involving or 
engaging way.” (p212, 0:40). Only one out of the 17 participants primarily responded 
positively when asked about their feelings of interest and enjoyment, e.g. “Oh I was 
pretty interested. I found it interesting for the hierarchy of controls in particular.” 
(p218, 0:38). 
 
 
Video Non-Learning (Intrinsic Motivation and Engagement): 
Twelve out of the 17 participants made negative comments about their feelings 
of interest and enjoyment. Comments made by participants are reflected in the list 
below: 
“Pretty low. It was difficult to pay attention to. And there was probably too 
much text to read as well as listen.” (p302, 0:39). 
“Very low. Just an informational video. They get all the time really.” (p310, 
0:16). 
“… I was not overly excited. It was pretty mundane study for the first part, the 
fire extinguisher.” (p316, 1:31). 
“Well, just you know, you gotta do what you gotta do, that type of thing. Just, 
wasn't particularly interesting. Just something you have to do.” (p319, 0:54). 
Four out of the 17 participants made neutral comments about the activity in 
regards to their feelings of interest and enjoyment, e.g. “I guess it’s informative. I 
wouldn’t say its super interesting, but I guess it gets it job done.” (p313, 0:25). 
Only one participant found the activity somewhat interesting and enjoyable, 
e.g. “Um yeah, it did hold my interest a fair amount because it was stuff I 
previously… um you know especially with the amount of OHS training I do at work 
that was still stuff, like, that hadn’t really been touched on.” (p317, 1:57). 
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Effort 
The following summary of results is from participants response to the 
questions of “How would you describe the amount of effort you put into the 
activity?”. This data has been coded into the themes of positive, negative and neutral. 
The purpose of this is to gain a greater understanding of the users feelings of “effort 
and importance” of the activity.  
Game Condition (Effort): 
It should be noted that data was only collected for 15 participants responding to 
this question in the Game Condition. Twelve out of the 15 participants responded 
positively in regards to their feelings of effort and importance. Participants generally 
responded that they put a moderate amount of effort into the activity once the 
instructional component of the activity was over and the timed, simulation section of 
the activity started, e.g. “The counting down and the being interactive, I put more 
effort in than I would have if I had to sit there and watch a video, like I said.” (p102, 
1:18). 
Comments made by participants are reflected in the list below: 
“High, I always like to do my best.” (p113, 2:13) 
“I actually tried really hard. And because it was fun that wasn't hard to do if 
that makes sense. I tried to be as responsive as I could.” (p115, 2:03) 
“I think I put a fair bit of effort into it. Yeah, I think. I think I was probably 
more invested in it than I thought I would have been. Mainly because of, like, the 
game mechanics around it as well, I think that sort of interested me a lot. Made me a 
lot more interested in the sort of topic.” (p118, 2:34) 
Two of the 15 participants responded neutrally to the amount of effort they put 
in during the activity e.g. “I wasn’t incredibly invested in it because I am not actually 
going into work.” (p105). Only one out the 15 participants negatively commented on 
the amount of effort they invested into the activity, e.g. “Actually not that much 
effort. Just a little bit click and follow. Just following the instructions so wasn’t 
really putting much into.” (p107, 0:55) 
Video Conditions (Effort): 
It should be noted that data was only collected for 15 participants responding to 
this question in the Video Learning Condition. Ten of the 15 participants responded 
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negatively in regards to the lack of effort put into the activity. Example comments 
are listed below.  
“Just trying to focus, but then your mind wonders, so yeah a lot of effort trying 
to focus to pay attention.” (p201, 0:42) 
“I tried, I tried to pay attention. Cause I knew I was going to get quizzed on it 
afterwards.” (p203, 0:53) 
“I would say moderate I guess. I was trying to pay attention cause I knew there 
is going to be an exam afterwards. So I was trying to remember things as much as 
possible but... towards the end of the examination stuff … I felt I was remembering 
less and less.” (p207, 1:24) 
Four of the 15 participants responded neutrally in regards to the amount of 
effort put into the activity, e.g. “I would say moderate I guess. I was trying to pay 
attention cause I know there is going to be an exam afterwards. So I was trying to 
remember things as much as possible” (p207, 1:25) 
One participant did respond positively to the amount of effort put into the 
activity, e.g. “Pretty high. I did try pretty hard to retain the information and get the 
answers correct.” (p206, 1:59) 
Video Non-Learning (Effort): 
Ten out of 17 participants responded negatively in regards to the effort put into 
the activity, e.g.: 
“I tried really hard to stay focused mostly. That was all my effort was going 
into that and trying to remember a few things in-case I was quizzed on it. But um, it 
was forced.”(p303, 1:36) 
“It wasn't a great deal but it was reasonably high. I think that there was 
an innate desire to do well and to understand it in the context it is important. 
So, I felt I was exerting an effort, not extreme but it was definitely there was an effort 
there. Though it did dissipate it was still there even to the end.” (p306, 1:25) 
“… I didn't really need to put a lot of effort into it apart from just, you know, 
just focusing.” (p317, 2:24) 
“Yeah, not much of an effort, just listen and click the next button, just listen, 
you don't even click anything.” (p319, 1:23) 
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Four out of the 17 participants responded neutrally in regards to the effort put 
into the activity, e.g. “Ah… medium. I did try to pay attention.” (p302, 1:06). Three 
out of the 17 participants responded positively to the amount of effort they put into 
the activity, e.g. “I would say quite a bit. I am very interested in that sort of fire side 
of things so yeah.” (p312, 1:12) 
Value 
The following summary of results is from the participants response to the 
questions of “Do you see value in doing an activity like this?”, and “Do use see this 
activity as useful?”. This data has been coded into the themes of positive, negative 
and neutral. The purpose of this is to gain a greater understanding of the users 
feelings of “value and usefulness” of the activity. 
Game Condition (Value): 
Sixteen of the 17 participants made positive comments in regards to their 
feelings of value and usefulness e.g.  
(p104) Yeah, I think so. (interviewer) What do you feel the value might be? 
(p104) ahh making mandatory revisions and training for OH&S more interesting and 
faster as well” (p104, 1:08) 
“Yes, I think that it is a good way to engage people through games. Yeah, but 
if we just, you know, view a video or look at the document. It wasn’t really 
enjoyable. I think games was quite interesting for me.” (p110, 2:23) 
“Yeah, I mean. The OH&S yes. But the actual way it is delivered, very cool 
um, as I say it is a lot more engaging than a lot of question and answer stuff which is 
usually what happens.” (p115, 2:28) 
One participant commented on its value as a complementary or replacement 
training tool to existing OH&S training they had received in the past, e.g. “It’s a lot 
more interesting than filling out a form about workplace health and safety or 
watching a 50 year old video about it.“ (p105, 2:05)  
Other participant noted “Yeah, I think, like, organisations, if you are training 
for a job or just over time, or if you are at a job somewhere, I think it’s good to learn 
about these issues you know, you don't think about boxes being in the way or you 
don't always think about these issues, but having a chance to interact with it... you 
think about it more I think.” (p102, 1:32) 
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Responses to these questions also revealed what the participants had felt they 
learned from the activity, e.g., “I thought having played the game and interacting 
with stuff and trip over and stuff that made me remember stuff a lot better and be a 
lot more aware of it.” (p103, 2:40) 
One participant of the 17 responded with a neutral comment, i.e. “Yes and no. I 
think I think it probably is worthwhile. But I think those sort of common sense 
OH&S things I would hope people have or that if they saw a wire on the ground that 
they wouldn’t trip over it. That they would move the wire. Like yeah, so. It’s a bit of 
a yes and no question. Because I just hope that half of those things people would 
have the common sense to do themselves.” (p113: 2:53) 
Video Learning Conditions (Value): 
Sixteen of the 17 participants commented that they felt the activity was 
valuable and useful. Some responses pointed to the need for this content to be 
presented to workers to comply with policies and standards, “I can see, like, from a 
legal perspective you know, you have got everyone, at the very least everyone has sat 
through that. So from a legal standpoint you can say well we told you because no-
one could say, well I slipped or whatever and then from a common sense stand point, 
you could say the employer can assume, everyone knows at least this and if they 
don't then that's their problem and not ours.” (p219, 1:38) 
Comments made by participants are reflected in the list below: 
“The value I suppose is that people will have to learn things, so if you are in 
an environment where you have no other choice.” (p207, 1:53) 
“There are values I guess. You do, take a little bit of info in. So yeah the 
answer is yes in short.” (p201, 0:55) 
“Well, the value I suppose is that people will have to learn things, so if you are 
in an environment where you are have no other choice. In terms of delivery of this 
sort of information then it’s useful just to teach people the basics even if they may 
not enjoy it or remember much. At least it gives them more of an idea of what to look 
out for.” (p207, 1:53) 
“From the sense of learning about slips and trips, sure. Um, I mean at some 
point you do need to learn that kind of stuff. So it’s good to know, but tedious to 
learn.” (p209, 1:55) 
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One participant out of the 17 did comment that they didn’t feel the activity was 
valuable or useful to them as they felt the activity primarily taught common sense, 
e.g. “Me, personally no. I feel this was common sense. I feel that many of these 
situations and scenarios you would either have to be blind or mentally deficient that a 
potential scenario could occur in which an event could unfold which is not likely in 
my endeavours.” (p217, 1:08) 
 
Video Non-Learning (Value): 
Eleven out of the 17 participants commented positively on the “value and 
usefulness” of the activity. Comments made by participants are reflected in the list 
below: 
 “Yeah, I can see why you have to do it. Well, if there is a fire you are going to 
know what to do, so that’s an important thing.” (p309, 1:16) 
“Yes, I see why it is there. Well, I see the purpose of it. Well, it is to teach you 
how to react in certain situations that may arise in safety, pretty much in simple 
terms. Specifically fires.” (p311, 2:27) 
“Yeah well, I guess it is always good to do every month, refresh your memory 
on what you should do, what you shouldn't do and what the procedures are.” (p319, 
1:36) 
Four out of the 17 participants commented neutrally about the “value and 
usefulness” of the activity, e.g. “No, it is important. When you say this specific 
activity, what it is trying to address is important but if you want to think of 
something that is going to have a retention value I would say, to me this screams tick 
in the box, because I honestly think in a weeks’ time if you would ask me this and 
you are not likely to have a fire in a weeks’ time.” (p306, 3:12) 
Two out of the 17 participants commented negatively about the “value and 
usefulness” of the activity, e.g. “Pretty broad, well, it has the potential to be useful to 
me, probably not. I have done training like that in the past and it was more of a 
refresher I guess, but I can guarantee in a week time I will forget it.” (p305, 1:40) 
Learning from the Activity 
The following summary of results is from the participants response to the 
question of “Do you feel that you learned anything?”.  
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Game Condition (Learning from the Activity): 
15 of the 17 participants commented positively that they had learned something 
from the activity. Comments made by participants are reflected in the list below: 
“I did bits of pieces. Like, I have done OH&S before so I knew quite a lot of 
the material but all the little details of specific hazards and the way they were dealt 
with in the game was, like, unique and different to stuff I had learned before.” (p103, 
3:17) 
“Yeah I did. The staircase thing. Yeah and the carpet. Because I have a carpet 
myself at home and it is curved, so that’s why I think, ahh I could apply that to my 
home as well.” (p110, 2:49) 
“Yeah, I did I think, for me it was the way in which you treat hazards, in not 
just necessarily the way you fix it, you got to address the issues, the dangers whilst 
its being repaired. Because things take time. I suppose you would think about that, 
but I would not necessarily think about that in the way that it is delivered. So now I 
have a better method for doing, otherwise I would have done it the other way round, 
perhaps it is all about the isolation after I would start. I would get the repairs 
organised rather than maybe. So I think I learned something.” (p115, 3:30) 
One participant felt they learned about different hierarchy of control 
terminology and responses, e.g. “Well, I learned all the control measures, how they 
are applied.” (p119, 4:07). Another participant reported they learned the different 
types of hazards that could be prevalent in the workplace, “I thought about things 
I haven’t really thought about before like when you had to engineer the stairs to 
make them a bit more visible.” (p118, 5:29). Some participants felt they didn’t learn 
as much as they had already known about these topics from previous training, 
however they acknowledged it was a good refresher “Yeah, maybe a little refreshed I 
guess.” (p104, 1:43). Two out of the 17 participants commented that they didn’t learn 
anything from the activity, e.g. “No. Just trying to think if there is anything I learned. 
No not really,” (p113, 4:31). 
 
Video Learning Conditions (Learning from the Activity): 
The video learning condition participant’s responses were mixed as to what 
they felt they learned. Ten out of the 17 participants felt they did learn something 
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from the Video Learning Activity. Comments made by participants are reflected in 
the list below: 
“Yeah, actually I did. The low light thing, like, because I have a, there is a low 
light problem in one of the facilities I use on campus, so now I have some 
ammunition.” (p203, 1:52) 
“Yes, I learned the basic message but I would have learned more if I was more 
engaged.” (p204, 1:46) 
Seven out of the 17 participants didn’t feel they had learned a great deal. 
Example comments made by participants are reflected in the list below.  
“Not really. It’s common sense, I think there is a lot of. I already assumed that. 
Not really.” (p216, 2:19) 
“Not much because I have done similar activities before. So frankly there 
wasn't any new knowledge presented but yeah it’s good to get a refresher on it from 
time to time.” (p210, 5:05) 
One participant commented on a reason for their lack of learning being mainly 
due to their existing experience with OH&S, however, they did acknowledge that 
these issues became fresh in their mind again, e.g. “Not much because I have done 
similar activities before. So frankly there wasn't any new knowledge presented. But 
yeah, it’s good to get a refresher on it from time to time.” (p210, 5:12)  
Video Non-Learning (Learning from the Activity): 
Eleven out of the 17 participants commented positively in regards to learning 
from the video activity. Comments made by participants are reflected in the list 
below: 
“…maybe a few things about fire extinguishers, but again I just don't know 
how much I am going to remember it, like in a day or two from now particularly the 
differences between the fire extinguishers, like that colour coding, that’s totally gone. 
I have a concept of what the different kinds of fires are and what things might be 
more appropriate but in terms of identifying what extinguisher to use. I don't think I 
would be able to do that. Not under pressure.” (p103, 3:09) 
“I recently watched something before I started a new job, so not too much new 
things to learn, maybe the colour coding.” (p110, 1:29) 
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“Yeah, I did learn, not to say because my memory is so good, but I would not 
be able to have a comprehension on it afterwards. But I am sure I have taken away 
something from it.” (p311, 3:14) 
Six out of the 17 participants commented negatively in regards to little to no 
learning from the Video Non-Learning activity, e.g. “Um. I learnt that there is 
different types of extinguishers. But I couldn't quite tell you what each of them does 
trying to think about it. All I know is you can use the wrong one on different fires 
you can make things worse.” (p320, 2:29) 
Behaviour Change 
The following summary of results is from the participants response to the 
question of “Do you foresee any changes to your own behaviour in the workplace 
after doing this activity?”. 
Game Condition (Behaviour Change): 
Thirteen of the 17 participants commented positively in regards to feeling that 
their behaviour might change from interacting with the game activity. Example 
comments are reflected in the list below. 
“Probably actively look for open cupboards and draws now, because I had a 
few people fall over in the game, and I was like, oh damn I forgot.” (p112, 3:07) 
“I think I might be more aware, more sensitive to OHS, there are obvious 
things, especially when you encounter them yourselves and you trip over something 
but and occasionally you see something and think oh that's an OH&S issue. But I 
think I might be a little more critical if I see something where it’s a bit more dark 
there or something like that, instead of not worrying about it I actually might do 
something about it, where I might not have before.” (p115, 4:10) 
“Yeah, I think so, like I would be more aware of things, like I wouldn’t maybe 
notice the lighting is a bit poorer in a room. I think with sort of, like, the really subtle 
things, like poor lighting I don't know if I would I would raise my hand and say this 
room’s got poor lighting if it was something like damaged flooring or something like 
that. Someone would probably say something like that but people would be less 
inclined to bring up poor lighting and that kind of thing, but 
yeah I think generally I would definitely be more aware of things that could cause 
hazards in an office.” (p118, 6:34) 
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A participant responded that they were now more aware or would be more 
aware of hazards outside of the workplace, such as at home, “Made me think about 
how I need to change my carpets at home. Because they are all trips.” (p105, 3:10). 
Another participants also reported that they would be more aware of their working 
environment for the benefit of others “Yeah I do. I think I will be much more aware 
about how I leave the place. And whilst working, what can I do to make it safer. If 
there is something that I can do.” (p119, 4:38) 
Four out of the 17 participants commented negatively about the unlikely 
chance of their behaviour changing, e.g. “Probably not because I am pretty conscious 
of it already. But it will probably be in, on my mind a little bit more than it has 
been.” (p104, 2:07) 
Video Condition (Behaviour Change): 
Ten out of the 17 participants commented positively in regards to feeling that 
their behaviour might change from interacting with the game activity. Example 
comments are reflected in the list below. 
“… I think I will be more practically aware of managing these risks, rather than 
just assuming that I understand there is a risk and modifying my behaviour for it, but 
making other people are aware and modified in such a way that it effects other 
people,” (p202, 2:46) 
“Basic awareness. Awareness of what type of things. Basic categories of 
hazards types of treatment of hazards,” (p204, 2:12) 
“… probably but maybe not on a large scale but definitely if I see a spill I will, 
at least for a while to clean it up and stuff like that. … I would probably think of 
more about where I am putting cables that’s for sure. … but other than that, maybe I 
don't know.” (p214, 3:38) 
Seven out of the 17 participants also responded that they didn’t feel their 
behaviour in the workplace would change after doing this activity. Comments made 
by participants are reflected in the list below: 
“But yeah, sort of. Not in a massive way, like it will not change my 
life but I will definitely consider things more.” (p206, 5:10) 
“No, because again I thought it’s all fairly common sense.” (p216, 2:48) 
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“Not from this video, no.” (p213, 3:53) 
Video Non-Learning (Behaviour Change): 
Thirteen out of the 17 participants responded that they didn’t feel their 
behaviour in the workplace would change after doing this activity. Comments made 
by participants are reflected in the list below: 
“Not this particular one. But this was only focused on knowledge around the 
fire extinguishers and what to use a fire extinguisher on predominately, so on a day 
to day basis I would say no.” (p306, 5:39) 
Four out of the 17 participants commented positively in regards to feeling that 
their behaviour might change from interacting with the game activity. 
“No, but then it didn't really focus on that kind of thing, it was just it felt like it 
was teaching me the building blocks. You know just the actual things I would need 
to interact with, rather than a mind set to engage in.” (p303, 3:46) 
“Um, yeah, just be more aware. Before I was just like, come in and do your 
job, but now it makes you more aware of what’s around and find out what’s 
around, find out where the actual fire blankets are and where they are. Because 
before you just walk past them.” (p312, 2:23) 
Motivation to do again 
The following summary of results is from the participants response to the 
question of “How do you feel about doing this activity again in the future?”  
Game Condition (Motivation to do again): 
Sixteen of the 17 participants commented positively in regards to feeling that 
they would want to engage in the game activity game. Example comments are 
reflected in the list below. 
“Fine, pretty painless.” (p104, 2:24) 
“Sure, I think it is a good thing to repeat. It is good to remind you and it is a 
fun way to get reminded about this stuff.” (p115, 4:42) 
“Yeah fine, it was. As I said it was much better than the usual procedure we do 
here at QUT.” (p120, 2:42) 
 Appendices 285 
One out of the 17 participants commented negatively in regards to feeling that 
they were not motivated do the activity again, e.g. “So, no I don't think you should be 
doing this too many times with people because health and safety is really important 
but if you have too many inductions and too much health and safety then it 
diminishes the quality of the message being broadcast.” (p113, 5:47)  
 
 
Video Learning Condition (Motivation to do again): 
It should be noted that only 14 participants of the Video Learning Condition 
responded to the question of “How do you feel about doing this activity again in the 
future?”.  
Eleven of the 14 participants commented negatively in regards to motivation to 
do again. Comments made by participants are reflected in the list below: 
“I wouldn’t be too excited about it.” (p201, 2:03)  
 “I wouldn't be jumping for joy. But if I was going for an office job I would 
probably see the value in it.” (p209, 2:57) 
 “If I had to, if it was mandatory.” (p204, 2:32). 
Three out of the 14 participants commented positively in regards to motivation 
to do again. Comments made by participants are reflected in the list below. 
“I would be happy to do the activity again, so long as, um, some of the 
feedback is taken on board about how it’s delivered. But I think the activity is 
something I would be more than happy to do again.” (p202, 3:07) 
“Yeah, I would be fine with doing it again. It was easy and it was quick.” 
(p214, 3:55) 
“Yeah sure. Wouldn’t mind.” (p216, 3:13) 
Video Non-Learning (Motivation to do again): 
It should be noted that only 15 participants of the Video Non-Learning 
Condition responded to the question of “How do you feel about doing this activity 
again in the future?”.  
Ten of the 15 participants commented negatively in regards to motivation to do 
again. Comments made by participants are reflected in the list below: 
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“I would rather not if I could if I could avoid it.” (p303, 4:06) 
“Um, meh, I am indifferent, it depends on the context. If it was for work 
training purposes? Yeah, that would be fine. If it was something I had to do for work 
and I was getting paid for it, I wouldn't complain.” (p308, 2:14) 
“I wouldn't be particularly motivated to do it again.” (p310, 2:42) 
Five out of the 15 participants commented positively in regards to motivation 
to do again. Comments made by participants are reflected in the list below. 
“Ahh, yep always good to refresh safety information, that’s why we do courses 
every year so to speak, so that’s very good. So I would definitely do it again.” (p304, 
4:08) 
“I think it would be important to refresh my memory.” (p310, 2:00) 
 
